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SECTION 1 PERSONALITY AND DRIVING STRESS: 
CONSTRUCTION OF THE DRIVING STRESS 
SUSCEPTIBILITY SCALE (DSS) 



I .  IY~IROI)IJC~PION 

:In cstensi\.e bod! of'literaturc documents substantis! indi\.idual differences in the response 

to the same external jources of stress (ct: Sada!la 8( Ilauscr. 1991 ). 'fhis literature is based on the 

dual prcrniscs that different indi\.iduals are more or less resistant to stress and that these differences 

in sirsss resistance may be traced to personaiit!. \.ariables (End!er & Ld\s.aids. ! 982: Prokop. 1991). 

Some indi\,iduals are highljt sensiti\e to external sources of stress and respond both ps!-chologicall!- 

and ph!.siologicall n i th  minimal pro\.ocation. Other indi\.iduals are relati\.cli. stress resistant and 

she\\- minimal ps~~chological and ph\.siological perturbations e\.en \\hen under conditians that 

arouse strong reactions in the a\.cragc person. Applied to the contcst of dri\.ing. this literatilrc 

suggests that some indi\,iduals should be relati\.el!- immune to the stresses and strains imposed b!- 

difficult traffic situations. while other indi\.iduals might displa!. an estensi\.e stress response to 

identical driving conditions. 

Our conceptualizati~n of driiing stress is based on transactional stress models I\-hich 

emphasize that the indi\.idual's perceptions and intcrprs:ations of a situation determine \vhether that 

indi\.idual \\.ill experience the situation as stressful. Such interpretations are influenced b\. a number 

of factors. including specific personalit!- traits of the indii-idual. 'I'raits are defined as stable 

dispositional factors that consistentl!- influence beha\.ior in a \.ariet! o f  situations. In thc present 

research 1%-e arc concerned \I-ith traits rhat intluencc belia\.ior in a \-ariet!. ofdri\.ing situations. 

.,le cen~ral ob.iecti\-e of the current prqject in\-ol\-ed the de\-elapnient of a psi-chometric 

instrument specificail!- dssigned to measure resistance to dri\ ins stress. Thc a\-ailablc literature 

indicates that existing ~nezsurcs of personnl~r!. traits \ \ i l l  nnl!- I\-eakl! predict indi\.idual differences 

in drivcrs' stress responses tn traffic situations. I4.e found that it \\-as possihlc. ho\\-c\.cr. to use 

ti\-ailable tests as models for the dc\-clopment of an instrument spccificall>- dcsigned to predict thc 

dcgrcc to \\hicl? a gi;.cn indi\ idual \\auld be resistant to the stress imposed b~ dri\.ing. \Vc ha\.t: 

c:rllcd this instrument the Dr.i~.el. SI~,L~.VS . S ~ ~ . \ . ~ ~ ~ ~ l ) t i h i l i ~ ~ .  S C ~ C  (IISS;)). 

-1-h~ /XCY is based e n  tile assumption that resistance tn dri\,ing stress is a individual 

diflkrcncc \ ariahlc that is spccilrc to the stresses imposcd b!- dri\-ing. I t  is not designed to predict 



response to stress in lion-dri\.ing contexts: it should. lio\\e\cr. be much more po\\crful than existing 

instruments in predicting stress responses to dri\.ing situations. The technics! literature in the area 

of pcrsonalit). assessment indicates that relationships betuecn personalit! i,ariables and stress 

responses in a specific situation are strongest \$hen the specific items that are used to mcasure the 

personality \.ariab!e are \+rirten in such a \\-a\. as to r ek r  to the contest in \\.hich thc strcss responsc 

M i l l  be measured. 

The L>SS \+.as constructed using con\.entional test construction procedures. An item pool 

\\,as generated based upon concepts suggested b>- existing ins:ruments. That, item pool \\as 

administered to a representati\.e subject sample. Factor anal\.tic procedures \\-ere emplo~.ed to 

e\.aluate the dimensionality of  the instrument and to insure high item-subscale correlations. 

11. METI IOD 

;I. Pliuse 1: Generution trrztl i i~~li! , . .~i . \ .  ~f'lrcriz Poo! 

A re\,ie\\. of the general literature on the relationship beriveen personalit!. ,:sits and stress 

\\.as conducted in order to identifj. existing personalit!. scales that could be adapted to our dri\.ing 

context. A number cf personalit! traits \\.ere considered. including locus of control. sensation 

seeking. risk taking. T ~ p e  A-B behaiior. and anger'hostilit! . A preliminan \.ersion of the DSS 

\ \as  based upon items drann from the follo\\ing scales. Item content \\as modified \ihene\er 

necessary to make the question rele\.ant to the contest of dri\.ing. 

1. S ' C ~ ~ I . S C I I I ( I ~ I  Seekijlg. 

The Sensation Seeking Scale (Zuckcmian. 1 9 8 3  consists of 73 items designed to measure 

an indii-idual's thrill and ad\.enturc seeking. experience seeking. disinhihition. boredom 

susceptibilit!.. and general sensation seeking propensit!.. Indi\- duals scoring high on this scale tend 

to be risk takers. ad\-cnturous. and tend to bc more strcss resistant than indi\-iduals scoring lo\\- on 

tlic scale. Questions l'rorn L:omi 4 of' Zuckerman's Sensation Seeking Scalc \\-ere selected and 

rc\\rittcn to refer to the dri\-ing situation (c.g. "1 someti~ncs like to dri\e in situations that arc a little 

liightcning" or " I  prefer dri\-cs on unprcdictablc roads"). Other qucsticrns from this instrument \\-ere 

leii unchanged (c.g. "1 \\-auld likc to Icam to tl! an uirplrlnc"). 



2. Tinie Crgemj . :  7 j p e  11 P~~r.\.ontrlil~.. 

Individ~als who arc "time urgent" (impatient. in a hurr!. on a tight schedule) are likel!. to be 

itustratcd and stressed by traftic congestion. Time urgent!. is a central component of a trait knonn 

as the Type A personalit!.. The T> pc :\-I3 distinction has recei\.ed much attention as a risk factor in 

coronary disease. I'!.pe A men tend to ha\.e 2-3 times the rate of heart disease as r~ pc B men \\ ho 

are matched for traditional risk factors (c.g. age. \\-eight. blood cholesteroi. blood pressure. etc.). X 

prototypical Type A individual is time urgent. competiti\.e. highl!, alert. and easil! angered. These 

traits characterize indi1:iduals \\ ho are l ikc l~  to be competent dri\.ers. but ones \s ho are easil)- 

frustrated by delays. 

The Time C'rget~cy und P~'.rpe;lriil rjc(i~~utio~7 Sccrlc b!. Logan \\'right and S. XlcCurd!. 

measures several aspects of the 'I'ype A personalit), \i.ith a series of multiple choice questions. .A 

number of these questions refer specifically to the dri\.ing ituation (e .g  -"In traffic I change lanes 

rather than staying in a slow one"). These dri\,ing-related questions lvere selected tbr inclusion in 

our instrument. Items from the Bel1rn.ior.s it7 Trr~fjic t)uc'.stionnrrirc) (BIT). an adaptation of general 

Type '4 traits to the driving situation \\-ere also selected for inclusion on the DSS. 

3. ~~0.sl ; l i ly .  

Questions from the B~rss-lllrrkce H o s f i l i ~ .  /r71*ento??. \\.ere specificall!. adapted tc: the dri\.ing 

situation (usually with the simplc addition of the phrase "\\-hile dri\.ingU). For example. the item " I  

lose my temper easily but get over it quickl!." \{-as changed to "I  lose m!- temper quickly but get 

over it easii!. \vhile dri\.ing." Hostilit!. has been characterized both as n component of  the T!.pc i4 

personality. and as an important \miable in its o\vn right. Indi\.iduals scoring high on hostilit!- 

in\,cntorics tcnd to bc easil!. stressed. and tcnd to \la\-e more stress relatcd Ilncsses than do 

indix-iduals scoring lo\v on such in\-cntories. 

4. Ki.~k 7irkit7g. 

Questions tiom the II'illingni~.r.v /o  Ki.vk (_)lrc~.\(ionrirri~.c~, I=or.rri .1. \\-hicli specificall!- related to 

dri\zing \\.ere selected for inclusion on tl-~e D,S.S. The format thcsc questions (please circlc (N)c\cr .  

(S)cldon~. or (l:)requcntl!) required some minor re\-ision to make thcln consistent n-it11 tilc ultiple 



response format of the other items on the DSS 

3. Anger. 

Items from the 12'o\~uco A n ~ e r  Sctrlc that specifically related to dri\.ing \ c r c  selected and 

re\\rit:en to conform to the multiple rcsposc format of the rest of the D.Y,Y. Such questions included 

items that measure the general tendency to become angry ("I lose my temper casii!- but get o \ r r  it 

quickly while driving" or "When I drive 1 often feel like a powder keg r c a d  to explode.") as \\ell as 

anger in specific driving situations ("If someone annoys me ~vhile  drilring, I am like!!. to tell him 

nhat  I think of him."). 

6. Loc1t.s of confrol 

Question from the Noivicki-Strickland Aclulf 1-oczr.s qf C'ontrol scale \\.ere adapted to a 

driving context. Such items included "When you successfully a\-oid an accident it is niostl! luck" 

and "How well you do on a driving test depends on how much you prepare for it." Indi\.iduals \tho 

score high on a Locus of Control dimension ("lnternals") tend to belie1.e that they are responsible 

for events that happen to them. Indi\~iduals scoring low ("Externals") tend to attribute outcomes to 

chance or to luck. Generally. ihe literature indicates that lnternals are significantl! more stress 

resistant than are Externals. 

111 all. 125 questions were included on the first for11 of the D r i ~  ;ng Stress Str.~ccptihilrt~. scale 

. These Lvere all phrased so that they could be ansnered ~ i t h  one of thr:e different f i \  e-point 

scales. One scale involved frequency responses and was anchored by "Almost a h a >  s 'Vep 

frcquentlj." and "Ne\.cr." A second scale in\ol\cd attitude assessments and \ \as  anchored b! 

"Stronglj. agree" and "Strongly disagree." l'hc third scale in\.ol\.ed judgements of similarit! of the 

self to genera! "I" statements and \+as anchored by "Ven much like me" and "\ 'en much unlike 

me." 

B Si/hjcct.v 

542 students ser\.ed as subjects in Phase 1 of this stud?. 

( '. Dlrt~~ il)7c~!l..vi,v. 

The resultant data \\-as submitted to an csplorator!. factor anal!.sis. Factor anal! tic 



Anal\.sis ~ i t h  principal axis factoring arid oblique rotation re\,ealed a tour factor structure. 

13amination of the items that loaded significantly on each factor allo\ved interpretation of this 

struc!ure. 

Factor 1 M-as labelled Tinie L'rgencj*. A number of the items from the BIT and the 7'irnr 

Ci~etzc j ,  und Petper~iul Actii'~liotz . ~ L ' c I I ~  loaded significantly on this factor. Indi\.iduals scoring 

high on !his factor tend to dri\.e fast. accelerate rapidly from stop signs. leave insufficient time to 

arri\.e at their destination, etc. Factor 1 designates indi\riduals \\.ho \vould be easil!- stressed by 

traffic delays. 

Factor 2 is a Sens~l~ion  Seeking-Ri.uk Tuking dimension. Indi\-iduals scoring high on this 

factor like to drive. arc not casil!. frightened. and lihc risk and excitement in the dri\.ing situation. 

The factor includes specific statements about driving ("I'm almost never frightened while dri\.ing." 

or "I think I \vould cnjo!. the sensations of dri\.ins \.cry fast dorm a stccp mountain road.") and 

general statements about risk taking and preference for escitement ("1 \vould like to learn to fl!. an 

airplane."). Indi\.iduals scoring high on this factor should be relatively stress resistant in difficult or 

dangerous driving situations. but might be stressed by routine or monotonous dri\-ins tasks. 

Factor 3 is con~posed of questions pertaining to 11o.srilit~. and urlgcr in driving situations and 

includes items from the No\.aco scalc and the Huss-Durkec hostilit!- in\,enton. Indi\.iduals scoring 

high on this factor should be easiiy casily angered by a variety of dri\.ing situations. Since recurrent 

anger is s strong risk fhctor for a ur ie ty  of stress related illnesses. indi\ iduals scoring high on this 

dinlension shoi~ld bc epcatcdl\- stressed b!. the dri\.ing situation. 

1-'actor 4 seems to be a "slol\,, p~ltic,nt. cwlrrioir.~" tictor. Indi\.iduals scoring high on this 

tic!or rarely hum!.. dislike speed and dislike otllrr dri\ crs \ \ho speed. These dri\.ers change lanes 

in!icqucntl>- and tend to dri1.c belo\\- tlic spccd limit. Ti~cse dri\-ers should be relati\el! stress 

resistant in most dri\ ing con tc s t~ .  I'lic! ma!. licn\.ever. pro\.e fo be stressed b!- those situations that 

require rapid decision making or rapid mar?cu\-cring. 



The usc of an oblique soli~tion resulted in signi!icanrl!. correia\.:d !'actors. l'ablc 1 belo\\ 

d i sp la~  s the degrce to \\hich each !'actor is correlated \+ ith other fhctor:. 

1 

Factors - Factor 2 ITactor 3 Factor 4 

1,'actor I Time Crgenc!, .3 1 .36 -. 13 

Factor 2 Sensation Seeking -.01 -.24 
I 

Factor 3 Anger. Hostilitj. - . I8 

Factor 4 Slo\t,. cautious dri\.er 

Tuhle I .  lnterfactor Correlations for the Driring S!re.s.v Suscc~plihilit~, scale 

?-able 2 d i s p l a ~ s  the percentage of  total iariance in subject responses that is uniquel) 

accounted for by each iactor. 

Factor 1 Factor 2 ' Factor 3 Factor 4 

Time Urgent!- Sensa:ion Seeking Hostility Slojv. Cautious Dri\.er 

1 1.89 9.97 5.2-1 I 5.60 

liihlc 2 .  Variance esplaincd by each factor ignoring other factors 

B. Ph~r.vc 11: C ' c 1 1 7 f i r n 1 c r t o 1 ; 1 ~  f;crc.tor. .-irlcil~~.si.s 

Ite111s for the four factors h a t  ernerged from the intitial esplorator! anal! sis \\-ere selected 

and relined for inclusion in thc second t h m ~  of the instrument. T\vcl\.e items \\-ere retained for each 

kctor. The decision to retain or drop a specific item \\as based on the rnasnitude of the item's 

loading on thc factor. its sub.iccti\.c "tit." and its importance to thc concept represented by the factor. 

'l'his rc\.iscd instrument \ \as  administered to 530  individuals for purposes of confirming thc 

bur fc!or structure. I'he suhjcct pc~pulation \\-as broadened ir; this confirmato? a~;al!-sis: i t  

included indi\-iduals older than thosc typical of an undcr_craduate population. 

13-climinary analyses of this data inclicatc that thc model fits adcquatcl!-. '1.11~ full set o f  

ana1y.e~ 113s !et to he con~plctcd. I~\f i~rt \~at inl \  on rcspondcnts age and scs \\.as c011ccted along with 



the item responses in this testing \\a\-c,  so i r  \ \ i l l  be possible lo see il'thc same nlcasurerncnt 

structure holds tbr males and fkmales and for oldcr and ! c!unger subjects. In\ ariance across these 

group distinctions \\ . i l l  increase our contidence in the assertion that l i e  ha\.e identified separate and 

distinct personalit!. traits that exist both in our subject population and in ?hc genera! population. 

Initial and confirmator!. factor anal!.ses ha\.e !.ielded the fhllo\\ing 48 iten1 inventor!': 

C '. T l ~ r  Driving S/re.rs Su.s .~~eptihi l i~~,  .J'cuIe. 

On the follo\s.ing pages you \vill find a series of statements. Kead each statement and decide 

whether or not it discribes you. Then indicate !.our ansner. using the scale belols-. on the ans\i-cr 

sheet provided. Ansiver e\,er\. statement e\-en if !.ou arc not completel!. sure of !.our answer. Please 

use a #2 pencil to mark your ansivers. 

A. V e n  much like me 

B. Somewhat like me 

C. Neither like nor unlike me 

D. Somewhat unlike me 

E. Very much unlike me 

1 .  In rraffic 1 change lanes rather than sta! ing in a s lo~v one. 

2. 1 prefer b e i r , ~  a passenger in a car to dri\-ing a car. 

3 .  I isould be \.er>. angr!. if 111~. car \\.as stalled at a traffic light and the g u ~ -  behind me kcpt b:o\\-ing 

his horn. 

4. When dri\.ing around to\vn 1 wait until the last minute to 1 e n e  and therefore must nio1.e \\-it11 

haste to a\.oiJ being latc. 

5 .  1 like driving on liee\vays. 

6. If pcople !.ell at me ivhile I at11 dri\.ing. I !ell back. 

7. 1 \vould like to dii\.c or ride on a motorcycle. 

8. I speed up \\hen !\\o lancs of tral'tic coIl\crge. assu~iiing tlic pcnplc in ihc other lane \ \ i l l  cithcr 



s lo~v down ur keep the same speed. 

9. I often worry about being injured in a traftic accident. 

10. On a clear freeway, I drive at or a little belo&- the speed limit. 

I 1 .  I catch myself estimating the number of minutes it \+ill take me to get tc; n~! appointment so I 

can leave at the last minute and still be on timc. 

! 2. I'm almost never frightened bvhile driving. 

13. 1 lose my temper easily but get over it quickl~.  while dri\.ing. 

14. 1 will run a red light, especially if it has just turned red. 

I 5 .  I would like to !earn to fly an airplane. 

16. I would get extremely angry if I needed to get sonle\\.here quickl!,. but the car in front of me \$as 

going 25 mph in a 40 mph zone and I couldn't pass. 

17. I change my route of travel on streets depending on \vhether or not 1 hit a red light. (i.e.. If I 

come to a red light and 1 can turn right and go a different route instead of\\-ait through the red 

light, 1 will.) 

18. 1 get upset at drivers who do not signal their dri\.ing intentions. 

19. I prefer drives on unpredictable roads. 

20. When a car cuts in front of me. I ease up to pi\.e them all the room the!. need. 

2 1 .  T feel that speeding vehicles create more of  a safet!. hazard than slon nio\ ing \-ehicles. 

22. When I am in a traffic jam and the lane nest to mine starts to mo\.e. 1 stay in lane since I 

figure that my lane \\.-ill be mo\.ing soon too. 

23. If the road is tricky. 1 would prefer to let someone else dri\.e. 

24. 1 \vould like to test dri\.e new cars. 

25 .  When a traffic light turns green and the car in front of me docsn't get going. I don't mind 

jvaiting for a \vhile until it mo\-es. 

26. I an1 not at all angered \\.hen I am dri\.inp along at 45 mpli and the gu!. behind me is right on m!- 

bumper. 

37. 1 \vill pass another car on a blind hill or sharp curbc. 

28. 1 ligure that dri\ers \tho Ihllo\\- mc too clascl!- arc in a hurry. so I gi\-c t h c ~ n  a cha~icc to pass 



and go on their way. 

3-9. When 1 am on a busy frcckvay. I a l lo~v entering \.chicles to merge in fiont of' me although I ha \e  

the right-of-way. 

30. I must confess that driving on fiee~vays frightens me. 

3 1. 1 look at stoplights and try to time my dri\.ing so that 1 \i-on't haire to come to a conlplete stop. 

32. 1 like to try new roads that I have never driven before. 

33. I tiould be furious if I walked out to the parking lot. and I disco~ered that my car had been 

toxxed away by the police. 

34. At an intersection ivhere 1 have to yield the right-of-way to oncoming traffic. I speed up to a\.oid 

having to yield. 

35. 1 get extremely irritated \vhen I am traveling behind a slow mo\,ing \.chicle. 

36. 1 work on something up until the last minute. allowing just enough time to go :o the nest place 

where 1 am headed. 

37. 1 like to make quick departures from stop signs. 

38. I ease through yelloiv lights or edge hnvard ivhen waiting for a green light. 

39. 1 would not be angry at all if I got in my car to dri\re to ivork. and the car \\-ou!dn't start. 

40. I would like a job which ~vould require a lot of dri\.ing. 

41. I sometimes like to drive in situatiol~s that are a little frightening. 

42. I feel that most people drive too fast. 

43. I would be v e T  angry if the person \\hose car is new to mine in the parking lot swung open his 

door. chipping the paint from my car. 

43. I an1 all\-ays patient \vith other dri\.crs. 

4 j .  I think 1 ~vouid en.joy thc sensations of drii.ins y e n  fast dmvn a steep n~ountain road. 

46. 1 am ofien irritated by slo\i- dri\.crs \\ho don't Ict me pass them. 

47. 1 believe that the speed limit on ticc\\.a!.s and interstate high\\a!-s should be lo\\-crcd. 

48. I \sould be lurious ifsonieone ripped off m! automobile antenna. 



IV. 1)ISCUSSION 

.-I. kitclor. I : Time C'rgencj7 ~ l n d  7 h c  T\pc A-I!  Uistinc~ion. 

'l'he Western Collaborati\.e Group Study, directed by Rosenman and Friedman, \\-as the first 

longitudinal study to examine the relationship bet\veen bchaiior patterns and heart disease 

(Rosenman. Brand. Jenkins. Friedman, Straus. & Wurm, 1975). This line of research is important 

to the stud>! of stress and dritjing because i t  highlights a personality disposition that (theorctica!l!-) 

causes different indi\.iduals to respond differentl>f under stressful conditions. One commonl\. held 

position is that Type A behaviors may create and;or exacerbate stressful situaticns which in turn 

trigger ph!,siological stress responses. If I -1 .p~  A indi\.iduals \vere found to ha\.e increased lei-els of 

stress in their lives. they could experience \vith niorc frequency, intensity. or duration. the 

hemodynan~ic and biochemical fluctuations associated with the physiological stress response. 

These fluctuations in turn could e\.cntually result in physiulogical strain or damage. 

Central to t!ie list of beha\.iora! characteristics Friedman and Rosenman used as indicators of 

T!.pe A personality arc. "a consistent preoccupation ni th time azld a sense of time urgenc! ." and 

"intense concentrhtion and alertness". 

The \Vestern Collaborati\.e Group Study (1  975) sho~ved that heart attack \.ictims displayed 

high levels of ambition, time urgent!,, loud and accelerated speech. and free floating hostilit!.. The 

o\.erall results sho\ved that the Type A beha\.ior pattern. assessed in healthy person.. \\-as a 

significant predictor of coronan- risk. ?'!.pe A's \\-ere t\i.ice as likely as T!,pe B's to de\.elop 

coronan- heart disease. From coronary arteriograph! . it \vas determined that I'! pc A's had niore 

se\-ere Ic\.els of arteriosclerosis. possibl!- from the physiological responses associated I\ ith the 1) pc 

:4 bcha\.ior pattern. 

I. Flor reucrors. 

I t  has been \\.idel!- reported that not a11 'I'!.pc A i~ldi\.iduaIs are at incrcascd risk for coronar? 

heart disease as a result of their beha\.ior (Shekellc et dl.. 1985). Indccd some 7-!-pc :\ i n d i ~  iduals 

sccm to tl;ri\.c \\liile maniScstinp bcha\.iors related to time urgenc!. competiti\.cncss. achic\-cment 

oric~!tation. and hnstilit!.. I t  113s rcccntl!. becn speculntcd thdt -f!-pc :\ bcha\.ior exerts its l i a rmf~~ l  

cft'ects \\-hen combi!icd \\iih incrcnscd ph! sinlogical rcactii-it!-. 



Bue!l (I9S4) has suggested rhc tcrm "hot reactors" to dcscribc indi\ iduals who respond to 

p l ~ ~  sical or ps!-chological strcss \\ ith unusuall\, high le\ els of' ph! siological response. An earl! 

prospecti\.c stud!- (Kc!,s. l 'a-lor.  Blackburn. Hrozek. Anderson. & Sirnonson. 1971) indicated that 

increases in diastolic blcod pressure (characteristic of "hot reactors") predicted the appcarancc of 

coronar!. disease during a 23-!.ear folio\\-up pcriod. A more recent stud!. (Sime. Ruell. & Eliot. 

1980j demonstrated that anlong indi\-iduals ho ha1.e heart attacks. those \\ ho \\,ere hot reactors 

\\-ere most likely to ha\.e reinfarction nithin tn.0 !ears. 

Gi\.en their high levels of emotionalit!- and beha\.iora! intensit!.. 'T!.pe A indi\.iduals \i-ould 

appear to be hot reactors. Hot+-e\.er. studies ha\.e t u n d  only a modest correlation (approximatel!, 

3 0 )  betu.een scores on Type tests and ph>.siological reactii-it (Houston. 1983: 1986). Some 

indi\.iduals may exhibit t!.pica! T!.pe 11 beha\.ior and Jet  have modest ph!.siological responses. 

Others may appear beha\.iorall!- as 1': pe B indi\.iduals and !.ct be experiencing high ph!-siological 

rcacti\.ity. Buell (1 98.1) characterizes these latter indi\riduals as  discordant reactors because their 

surface beha\.ior is discordant n-ith their internal state. Because of the iscordance phenonlenon it is 

inlpossible to determine if an indi\.idual is a hot or a cool cardiovascular reactor based on the 

person's surface beha\-ior. 

This literature elearl!. detines an indi\.idual difference ~a r i ab l e  that is rele\.ant to the topic of 

dri\.ing siress. Dri\.ers \vho are hot reactors and who respond cardio\~ascularly to trat'tic conditions 

~vould be expected to be at greater risk for cardiox-ascular disease relati\-e to dri\.ers \vho arc cool 

reactors. Dri\.ers \vho nianitcst Typc A beha\,iors such as time urgency and hosiilit!. and are also 

hot reactors should be at the greatest risk. 

2. T \ ~ L >  .A-B di.s1inc1io17 ujul di.i~.i/~'q .stj~.v.s. 

Stokols. No\-aco. Stokols. and Campbe!l (1978) studied the el'iects of traffic congcsiion on 

strcss responses. I'rc\,irws studics had she\\-n that people \\-it11 1-ypc ;I pe:sonalitics she\\-cd morc 

tcnsion and h!.peracti\.it!- than 'I'! pc R's \illen p e r f  r~iiing for a lo\\ rate of rcintbrccment. This 

implies that l'!.pe A's \\-ould he Inorc stressed h!. traftic siiuations (c.g. congestion) that require but 

do  not renard \.igilance. T!-pc 11's ha\.c bccn found to hc morc inlpatient and irritated \\hen dclalcd 

h! cn-\\-nrkers o n  joint dccision making tasks. I'!-pc ,\'s tend to stril-c hnrdcr to wo id  loss 01' 



control \.cr their en\-iron~nent but \sil l  relinquish ?hat control more apidl! than 'I')pe 13's \\hen 

conditions are highl!. uncontrollable (Cilas. 1077: G!ass. Singcr. & I'ennebaker. 1977: Krantz. 

Glass & Sn!.der, 1974: Glass. Sn!.der and I lollis. 1974 1. Based on this infi)miation. i t  \:.as 

h-pothesized that l'!.pe A's \\auld be more l ikel~.  lo she\\, higher finstra?ion Ie\-els and higher blood 

pressure Ic\,cls than ?>,pe B's \$.hen dri1,ing in congested tra!'!ic conditions. Dela!,s should also 

increase these measures of stress more for 7'!.pe X's than 7'!.pe 13's. 

l'ype A individuals ivere distinguished from 'r>.pe B indi1,iduals using the measures of 

coronary prone behavior outlined ly Rosennian. Friedman. and Strauss ( 1  966). Traftic ccmgcstion 

was defined as stressors that impede progress bet\\.een locations. Distance and duraiior; of commute 

\yere the specific \,ariables b! which impedance le\.el \\.as deterniined. Both l>pe ti's and pc B's 

\\-ere assigned to each of three groups: lo\\.. medium. and high impedance. tising both self-report 

and blood pressure measures as indicators of the stress response. the highest le\.el of rcsponding for 

'Type B's was experienced by those T!,pe R's in the high impedance condition. 1:or S!.pe A's. the 

medium impedance condition resulted in the highest stress response. Stokols & So\.aco concluded 

that the degree of congruity bet~veen espectancies and tra\.el constraints is the best predictor of 

stress response. In this study. T!.pe A's relinquished control when conditicns \\.ere highl!, 

uncontrollable: ho\4-e\.er. they becan:t: more stressed than 'r!.pe I3's \\hen conditions \\-ere 

nioderately controllable. as prior research had predicted. Con\.ersei!.. T!-pe R's \yere the most 

stressed by highly uncontrollable conditions. The e\.idence suggested that medium and high le\.cls 

of traffic congestion differen!iall!, affect the le\ el of ph!.siological responses of people eshibiting 

-f!-pc A and l'!.pe I3 beha\.ior. 

B. F;rc[or. 2: .%~is~r[I'o~i S ~ ~ k j r 7 ~  - Ri.\k-Lrkirig. 

Sensation seeking and risk taking arc pcrscl~?alit! traits that arc intimatel!. connected with 

individual differcnccs in chronic Ic\-cls of arousal. :\roiisal is a ni,?lc>r com1;oncnr of beha\-ior \\ hich 

is pli! s iological l~~ indicutcd h! incrcascs in s!-mpntlictic nu\-ous SJ s;ei~i acti\.it!. sucll as i n c r e a ~ ~ s  

in heart ratc. blood prcssui-c. cpineplirii~c sccrctions. niusclc tension. s\\-catins. and electrical 

conductic>n ol'tlic skin. hrcutlling rate and pupil1n1->- dilaticln. 



When an immediate response to the cr?vironmcnt is required. these changes arc normall! 

highly adapti\.e. Chronic high Ic\,eis of arousal ma!.. on the other hand. lead to man! t! pes of 

psychosomatic illness such as ulcers. coronary heart disease. arthritis. and asthma (Kalat. 1983). 

Because not all individuals interpret arousal in the same \vay. the comfortable le\,el of 

arousal varies from person to person. Individuals scoring high on f-actor 2 (Sensation Seeking - 

Risk Taking) tend to seek out and enjo!. higher le\.cls of arousal or sensation. Preference for high 

levels of stimulation is also associated \vith \villingness to take risks and with preference for 

different andlor unusual complex experiences (Zuckcmman. 1983). It has beer! h!.pothesized that 

individuals who prefer high levels of arousal (,sensation-seekers) ma!- be less affected b!, stressful 

events than persons who prefer lower le\.els of stimulation. 

Persons innately predisposed to react to small changes in stimulus inlensit! \vith high 

arousal levels will tend to develop io\v sensation seeking. lo\v risk taking beha\.ior pattems. and 

those predisposed toward loiver arousal reactions tend to exhibit more ad\.enturesome beha\-ior 

pattems. Environmental stress may actually impro\.e the performance of high sensation seekers and 

impair the performance of low sensation seekers. 

The theoretical explanation for this difference invoi\.es three interrelated obsenations 

concemir~g arousal. sensation seeking. and perfomlance. First. lo\\- sensation seekers persons tend 

to be more chronically aroused than are high sensation seekers. Second. there is a curvilinear 

relationship bet\+-een arousal and performance; a person who is too little arol~sed \ \ i l l  often fail to 

pay close attention to important features of the en\.ironrnctnt. while one \\-ho is too higlil!- aroused 

\\.ill be too rigid. cautious. and ner\-ous to perfom1 adequatcl!.. Third. csicrnal stress raises a 

person's arousal Ic\fel. Therefore. with a relati\.ely unaroused high sensation seeker. en\.ironmental 

stress raises the arousal level. resulting in improved perfomlance. \i-ith the a l r c a d ~  aroused lo\\ 

sensation seeker. external stress pilshcs rhe arousal Icvcl past the optimal point and rcsults in poorer 

perfonnancc (Wakefield. 1979). 

Risk taking sho\\.s a clear relationship \\ it11 sensation sccking. Specificall!. risk taking 

corrciates \\,it11 tlic \.c~ituresoine aspects 01'scns;ltinn sct'kii~g and shotlid act as a stress-buffer for 

thosc individuals pnsscssing this trait. 



1. ..1gc~ t l i f f erc~nc~ ' .~  iji ri.\k percel?/ion. 

rlcr.ident statistics indicate that male dri\,ers bet\s,ecn the arcs  of 16 and 3 1 arc ini .ol~.ed in 

morc fatal automobilr accidents per ycar than any other group o t 'd r i~ers .  One h-pothesis  about thc 

cause of'this high fatality rate is that j,oung males misperceive the risks in\.olvcd in dri\,ing. This 

concept is illustrated by Finn & Bragg (1986) who thund that young males not onl). rated risk!. 

situations less dangerous than older males. but also felt less at risk if the\- \\ere drii,ing as  opposed 

to being a passenger in a car driven by an age cohort. 

Ivlatthrws, Morgan, and Andrew ( 1986) documented that male dril c'rs in ages of 16-20 

tended to view themselves as immune to the risks of d r i~ ing .  They also felt that their dri\.ing skills 

were as good or better than those of older drivers. Bragg et. al. ( 1985) ga\.e koung males (between 

the ages of' 16-1 8) and older males (bet~veen the ages of 35 and 45) experience on a dri\.ing 

simulator. They found that young males rapidly became quite confident about their dri\,ing skills. 

while the older males \yere less quick to do so. 

The literature indicates that older adults appear more cautious than >ounger adults in some 

contexts. but not all (Bot\vinick. 1984j. Consequently. the relationship between risk- taking and 

stress remains equivocal and mag best be understood in multi~ariate terms. A determination of  the 

type of risk-taking or risk-avoidance beha\rior exhibited b!- individuals at \.arious ages in specific 

contests \vould be useful. Longitudinal studies \\-ould also be helpful in partitioning out thc 

conlponent of risk-taking behavior due to relati\.ely stable personalit! constructs and the component 

due to de\relopniental changes. 1;actor 7 of the L1S.Y ~ o u l d  be a useful research tool in this cfibrt 

2. .Sex d1fj2relice.s it? r isk ~ ) ~ > r c ~ ' p / i o ~ .  

The literature in this arca gencrall!- indicates that males arc more \\-illing to take unkno\\fi 

risks than arc females. I Iudgcns 8r Fatkin (1085) ga\.c males and females repeated sessions on a 

computer game in\.oi\.ing tank warfare. I'lie!. found that in unknoix-11 or unprcdictahle ituations. 

\\-omcn took li.\vcr risks than did mcn. and also took longcr to makc a risk!' ciecisinn. Rescarch on 

scs differences in risk perception has reccntl!- begun to t i x u s  on thc' role that scs I ~ o ~ ~ ( ~ I I c s  pla!. in 

prc'li.rencc tilr risk\. bcha\,ior. C.ilson (1075) has suggested that there arc biological se3s0ns \\II! 

males should take morc risks than tcmales. and that male sexual liormoncs ma!- actuall!- causc nialcs 



to engage in risk!. br.ha\.ior. When norms arc ciei.cloped fbr Factor 2 of the I).%.? it u.ill be possible 

to csplore nhether these generalizations apply to the context of dri\,ing. 

C '  I.crc!or 3 i!o., rrlrry - 11 ri,yc>t. 

1 ype ,2 behavior refers to a syndrome of different t p e s  of bchavior nhich can occur 

simultaneousl!. in an individual. Research has been directed at determining the components of the 

beha\-ior pattern that are most strongl!. rela!ed to heart disease. One line of research has indicated 

that on!>- those characteristics concerned ivith hostility predict heart disease. For example. Cook 

and Xledle!. ( I  954) found that scores on the 1-10 scale \\.ere more prcdictiir of' heart disease than 

ha\,ing a I'ype A personality. The k10 scale is a list of 50 questions taken from the hclinnesota 

;LIultiphasic Personality In\.enton. (hlMP1). Men with high 110 scores had. on a\,erage. 9 more 

arteriosclerotic blockages than did men \vith lo\v 110 scores. Additionall.. I iO scores predicted not 

only heart problenls but deaths from any cause. Using the HO scale narrowed the list of risk factors 

to those associaied with hostilit!.. and using the 110 scale allo\<.ed 0bjectiL.e measurement of 

beha\.ioral and personality characteristics. thus avoiding the problems of using the subjecii\,e 

structured inten.ie\v to assess the beha\sioral characteristics in\volved in heart disease de\.elopment. 

Smith (1985) claims that the HO scale measures suspiciousness. resentment. frequent anger. 

and c! nicai mistrust ofothers. High HCi scores are also associated \vith a less enthusiastic approach 

to life. the experience of more frequent and se\.ere e v e ~ , d a y  hassles. and loijer le\.els of satisfaction 

deri\.ed from e\.er!.day social contacts. People \viih fe\i.er social contacts (\.ia n~arriage. contacts 

\\.ith closc friends and rclati\.cs. church menibtrship. or membership in nonchurch groups) \\-ere 1 

to 3 times more likel!- to die lion1 an>. cause. Further refinement of thc list of liostilc characteristics 

shon.cd that c!-nicism. hostile alTecr (or marc specificall!-. anger). and apgressi\-c responding arc the 

most tosic aspects of hostilit!.. 'Tlicse three chnracterisrics together are better predictors of iilness 

than the entire 1 1 0  scale (13arefoot. et al. 1988). 

I'\.idence that suhjccti\.c feelings ofhostilit!- are associated \\-it11 increased disease 

susccptibilt!- has cicar implications for the stud! o f  dri\,ing strcss. Ilostilit!- is a common emotional 

rcaction \\-hilc dri\.ing. In one stud!- ( Sur~ler. 1.a) ton. R: Sinions. 1075) 17",h of the Incn and 18%0 of 



the \\,omen sampled reported that at tinics the! could "gladl! k i l l  another dri\.er." I.esser fcelings 

ot'hos!iiit!~ are doubtless e\.en morc common. Indi:.idual differences in hostilit! reactions ivhilc 

dri\.ing are thus likely to predict some ot'the \.ariance in hcalth reactions to traffic conditions. ni th 

dri\.ers \vho experience more hostilit!. at relati:.el!- greater risk. 

D. F'uctor 4:  S101i.. C'~1itioli.s Llt.!\.er.\.. 

At first glance this factor \vould seem to be highly correlated (negatil-ely) uith the Time 

Urgency and Risk Taking factors. inspection of l'able 2 ho\\.e\.er. indicates that this factor 

accounts for \.ariance in subjects' responses that the former factors do not. Slo\\ cautious driwrs arc 

characterized by a preference for sloit- tra\.el, patience. and a disinclination to take risks. The 

technical literature suggests that scores on this factor should be related to age and ses (c.f. section 

on risk taking above). It should be noted hov-e\.er. that this factor emerged from an anal\,sis of the 

responses of college students. The relationship bctit-een this factor and stress resistance ivill be 

explored in \.alidation studies of the DSS'. 

The next stage of de\.elopment of this instrunlent \\-ill focus on validation. Once the 

measurement model has been confimleci. the question of \vhether the instrument actuall! measures 

traits that predict stress responses in the dri\,ing situation reniains to be addressed. 

:I. I irlid~1riot7 of rllc DSS \c.itll r?lc.rrslrr.c..s c~f',s~thjc~cri\~c! tiistr.es.s ritltlpii?.siolo~ic.~d I . c c I L ' / ~ \ . ~ ~ ~ . . .  

I-hc DSS should prcdict indi~idual differences in t l ~ e  stress response to driving situations. 

'I'hc \.alidit!. of the instrument could he e\-aluated b!- correlating test scores with the physiological 

and ps!.chological responses of dri\.crs to stressful traftic situations. If significant \didit\-  is 

achie\-cd. the test \vould constitute a \.aluablc screening instrument for predicting indi\.idual 

dif i renccs in response to trafllc stress. I:urther. i t  \\-ould he a \.aluahle research tool for exploring 

tlic relationship bct~vccn other \,ariablcs (c,g. agc. scs. espcriencc. sensory loss) and dri\ ing stress 

susccptiblit!-. 



B. J/rrlic/urion of the L).C\' us u modernror of the relutiot~~hil) hcri~.ecn ~lri~. ing .~trc.s.s ~irld I~eultI~. 

The DSS is conceptualizcd as a indiiidual difference iariable that moderates the relationship 

b e t ~ e e n  driving stress and health. Validation studies should be conducted (similar to those 

conducted ~vi th  other moderator variables) that e\,aluate the relationship bet~veen dri\.ing stress. 

personality, and health. Validation should consist of a longitudinal study of' drivers \iho are 

exposed to high levels of traffic stress. Indi\.iduals scoring high on the DS.7 should experience more 

health problems than should individ~als scoring lo\\- on the instrument. 

The benefits of such a longitudinal s t u d .  \i.ould be t\+ofold. First. the relationship bet\{-een 

traffic stress and health would be quantified. Although the current literature irzplies that traffic 

stress should impact physical health. that relationship has newr beer, examined in a longitudinal 

study. Second, the study ivould establish the \.alidity of an instrument that ii.ould predict \vhich 

among a group of indib-iduals exposed to traffic stress \$-ould de\.eiop health problems. 

Individual differences among drivers may also predict \.ariation in response to I\!HS 

inten-entions. For example. dri\rers who are "iirne urgent" tend to be highll- stressed by traffic 

delays and may benefit disproportionately by IVHS inno\,ations that n~ in in~ ize  congestion. On the 

other hand. drivers who are high on the "sensation seeking- risk taking" dimension may dislike 

gitring up control of their \.chicle or their route to an operator in a traffic control center. 
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SECTION 2 AGE, COGNITIVE DEFICITS, AND 
DRIVING PERFORMANCE 



I IN'TROIIII(~'I~ION 

I\'liS user ser\,ices such as A'fIS (;\d\.anced 'l'ra\.eler Inf'ormation S>stems) ha\-e the 

potential to substantiall! lncrcasc thc intbrmation prcscntcd to dri\.crs while the dri\fer is 

simultaneously attempting to nxigatc: and to deal Lvith the demands of traffic. 'r'his has raised 

questions for ATIS system designers and for human factors cnginccrs as to \i,hether A'I'IS systems 

and disp1a.s \$ i l l  o\.erload the dri~rer with information. This question is espcciallj~ rele\ant fbr 

elderl!. dri\.ers \vho may suffer diminished information processing abilities. 

The general 0bjectii .e~ of this project are to explore the relationship bctivcen age related 

cogniti1.e deficits and dri\,ing performance among a group of eldcrl!- dri\,ers. This research is 

relc\.ant to the general topic of aging and dri\.ing competence. Age related declines in information 

processing ability may affect an elderly dril~er's ability to deal with either t!.pical traffic situations. 

or \vith IVHS innoi.ations. or both. 

During the past three decades substantial research has documented perceptual. cogniti\.e. and 

motoric deficits that accrue \vith age. During the same period numerous studies have sho\i.n that 

drivers o\.er age 05 tend to incur more driiring citations and tend to be in\.o!\.ed in more accidents 

per mile dri1.m than Founger dri\.ers. .Although it seems reasonable to suppose that the increased 

risk associated jvith dri\.ing for elderl!. dri\.crs is in some \\-a? related to senson.-cogniti\.e deficits 

associated \\-itti age. research has !.el to document an!. specific l i~kages  between ability loss and 

accident history. citation histon.. or specific driving skill loss. 

The research described below tvas designed to demonstrate a relationship bet\vcen specific 

age-related measures of cogniti\.e til~;ctioni~ig and dri\.ing ability. The rcscarch c\.aluatc.s the estcnt 

to \\hich a nleasure of attention switching abilit!,. and a cognitii-e inference-reading coniprchcnsion 

tcst predict dril-ing abilit!. in clderl!- subjects. l'liis project is dcsigried to - i e ld  int'onnation relc\-ant 

to thc f llo\ving social issucs: ( 1  ) \\-hat deliciis in co_cniti\-e functioning associated \\-ith aging 

indicate that an indi\.idua! ought to rcstrict thcir dri\-ing'? (2 )  \\hat delicits in cogniti\.c functioning! 

i~idicatc that a dri\cr \\-ould bc challenged b!- t l ~ e  i:iformation proccssillg requiren~cnts of ordinar?- 

dri\ ing'? 

I t  is csscntjal to dc\.clop mcasurcs ot'senson-. cognitive. or rnntoric ability that strongl>. 



predict drit.ing pcrtormancc. .Age. in itself. is a poor prcdictor \ariable. Indi\ iduals car; be found in 

an). agc group \+hose performance on both abilitl- tcsts and dri:,ing tcsts csceeds the performance of  

aierage indit-iduals in an!. !ounger age group. Ilec2iuse of'this. age clcarl! oughi not be used as a 

criterion for limiting dri\,ing. Additionail>-. humans h21.c the abilit! to compensate for man! 

sensor).. cogniti\.e. or motoric losscs. I t  is thus necessary to disco\-er those sensory-c0gnitii.e 

deficits that are difficult to compcnszte for and \r hich strongl!. predict deficient dri\.ing 

performance. 

Cushman (1992) has noted that the cogniti1:e changcs that occur ui th aging range in se\t.rit! 

from indiccernibic-, to minor (i.e.. benign senescent forgetfulness). to tiank dementia. Xlthoilgh 

cognitive impaim~cnt  in older adults is in nor ine\.itable. 10 to 15 percent of indi\-iduals at age 65 

ha\.e some significant cogniti1.e impairment. The percentage of the population that becomes 

impaired increases ivith age. T'hcre is relatii-ely little information. hoivever. that links specific 

cogniti\.e deficits to the dri\.ing task. 

A .  The Agir7g Dri\.ing Popu!rr~ion. 

The issue of age and dri\.ing competency becomes more pertinent as a result of changing 

denlographics of  the dri\,ing population. The elderl!. are the fastest growing segmenr of society: 

almost 27 n~illion people or of the U.S. population are o \ r r  65 today and the Census Bureau 

estimates that b\, the !.ear 2020 almost 18% of thc population +vill be elderly. The elderl!. are 

increasingl!. more likel!. to depend on the pri\-ate car for their mobilit!-. Rosenbloonl (1 993. 

forthcoming) has shoi+-n that the elderly took more trips in a pri\-ate \-chicle in 1990 than the!- did in 

1983 or 1C177: o\.cr 91?4 of all trips in rural areas and 01 er S79.b ofa l l  c;han trips b!, the clderl! \\crc 

i'ilien in a pri\.ate car in 1900. Furthei. sn31!-scs of lor,g-term demographic trends shon that b! 

2020 almost 759.6 of the  eldcrl!- \ \ - i l l  li1.c in suburban or rural areas \\-here altemati\-es to the car are 

non-existent. 

-1-he increasing dependence ot'thc cldcrl!- on thc pri\.ate car I-ias been associated \\.it11 a 

signiticant incrcasc in the number of'clderl!- Incn and \\onien nit!i d r i i d s  licenses since 1050. 

I'oda! thcrc arc o\-cr t\vcnt!. one niillion dri\crs in the I : .S .  o1.c.r 65: roughl! 9-44;; of tnen and 7 5 3 i  

01'\\omcn 60-69 ha\c liccnscs. Since the tri~ditic>nal gap in licensing mtcs for Incn and \vowen has 



largcl! disappeared :'or !.oungcr cohorts. cldcrl! \ronicn in the Uuturc \ \ i l l  bc as Iikcl! ru dr i \e  as 

elderly men. 1-or example, in 195 1-1 956 onl! 8% of \\-omen o\.cr 70 \.+.ere licensed to dri\-e: b! 

1990 70'10 of &omen o\.cr 70 had licensc5. 

B. Accidonr.~ And 7he Elclerlj' Dri\.er 

Given their gro\sing dependence on the car. i t  is important to question ho;\ the cldcrl!- t ire 

as drivers, since skil! losses and performance decrements often come ith age. Jlost of the 

literature shows a deal .  pattern: elderly dri\.ers ha\.e fewer c~c.c.i~lent.v pc!. ~cipi / t /  than ! ounger dri\.crs 

but far more crcci~Ienr.s per expo.vlrr.c. These trends gencrall! product. a characteristic 1:- shaped 

cun.e which indicates greater accident in\.ol\.en~ent b! !.ounger and older dri\-ers (13rainn. 1980: 

I 'RB 2 18, 1988, Maleck and Hummer. 1986). 

These differences in totcrl \,ersusper-t'.vjJo.\.l:r-C accident rates h a w  been the focus of' 

discussion and conjecture. First. it appears that those drii-ers currentl! abo1.e age 65 :educe their 

o\\n driving as they age. partiall!, in recognition of increasing ph!.sical problcms (Kosnik. Sckulcr. 

and Kline, 1990). LVhat is not clear is \\-hether future generations of elderl!. dri\.ers \i il! \\.ant to. or 

be able to. reduce their driving to r e s p o ~ d  to declining skills. 

Today. because of se!f-imposed limitations. the elder!!. are onl! represented in accident 

statistics in rough proportion to their share of the population. Ho\\-c\.cr. \vill future generations he 

as ~villing to perceive their limitations as those currently in older age brackets? As T R B  Special 

Report 218 remarks. "That future cohorts of older dri\-ers \\-ill curtail their dri\.ing as much as their 

earlier counterparts ha\.e appears unlikely: the a\.erage miles dri\-en b! those 65 and o\-er has 

increased \\-it11 each new ma.ior tra\.ci sur\.c! taken from 1969 through 1383." (TRB 2 IS. 1988) 

The literature also she\\-s nthcr clear trends: older dri\-crs arc far more likcl! to be in\.ol\-ed 

in multi-\.chicle accidents and thcsc accidents arc t!-picall!- causcd b! failing to ! icld. turning 

impropcrl!.. or ignoring stop signs and :ratfie lights (Brainn. 1980: \.anik. 1985: Garber and 

Srini\.asan. 1991). Both North A~ncrica~i  and 1:uropcan studies she\\ that cldcrl!- dri\-crs arc n ~ o r c  

l ikcl~,  to ha\-c accidents in intcrscctions. in urha11 arcas. and in da!-light and the!- arc niorc likcl!- to 

he killed in all accidents (O l iC ' I l .  1085. i'iano. 1990. I!\-ans. 1988. I lauc:. 1988). 

Somc studies ]la\-c I;,und that cldcrl!- dri\-crs \\ere mnrc likcl!- to be responsible for or cited 



as being at fault than :,.ounger drii-crs. although some arguc that this is a result oft1 prior-i \.aluc 

judgments about older drivers (McKcl\'c!. and Starnatiadis. 1989). A 1 O X 6  Canadian study tbund 

rhar the increase in accident responsibility with increasing agc u\-cr 65 \vas almost exponential 

(Rothe, 1990). 

. 7he Aging I'r.occ.s.v cmcl Ilt.i~~ir~g .Vkil/.~ 

Why do the elderly 1) experience higher accident rates per exposure. and 2) experience 

certain types of accidents more frequentl!. than Irounger dri\,ers? 

The most important impairments found among elderly people-- those ~ i h i c h  ha\.e the most impact 

on their ability to manage as drivers are: 

1. Sensory cupcrcily 1os.re.s 

Aging is associated ~vith decremcnts in hearing (especiall! at higher frequencies). 

decrements in \.isual acuit?., decrements in d!.namic \-isual acuit!,. and frequently \iith increased 

sensitivity to glare. People with aural impairments lose a a basic alarm rnechanisni. the abilit!- to 

hear proximate traffic. People with vision impairments lose depth perception. ability to read traffic 

control devices, and the ability to see small obstacies. Changes in the e!,e make older dri\-ers 

increasingly less sensitiire to sllorter ~va\,elength colors. such as c!.an to deep blue. hut enhance 

sensitivity to longer-ivave length colors like orange and yellon.. In addition all colors appear less 

\ri\.id and bright. In traffic situations, these changes result in the loss of night \-ision (an 85 year old 

man recei\.ec. on average. only 40% of the light recci\.ed at night h!- a 20 year old). the inabilit!. to 

see low-contrast targets. and increased scnsiti\.it! to glare. 

2. .\,k>cot- undp.v\.cllonloror. c'trl,uc'itj. 1o.v.ve.v 

Decreases in reaction tinic can combine \virli general difficulties in nio\-emcnt (caused b! 

pain or disuse) to create serious pmblcms in high speed or complex traffic situations. Stiffness in 

the joints of thc neck and shoulde;~ ma!- lead tlic older dri\.cr to less frcqucntl!- make the licad 

;urning mo\.cmcl\ts ncccssar). to attel?d 10 rclc\.ant infi,riiiation to the sidc and rear of thc \-eliiclc. 

3. Ilc~c,/it~c~ it? i~/i)t.t1?(11iot7 17roc~>.v,si)1g .vk~ll.v. 

I>cclinc in the ~~ iccha :~ i sms  of thc central ncn.clus s\-stern causc !]Ian!- clderi!- to rcspond 

1x,otl!. to nc\\ sitiiatio~is and to do poorl! \ \hen itiiormation load is high. v.hcn dcmands arc mndc 



upon comprchcnsion abilities. or \\hen thcy are required to integrate symbolic inhrmation. 'l'he 

most important changes may be those \+.hich aftcct attentional mechanisms. 

D. 7'hc Relutionship Bet~r,ecn Skill I.o.r.rc.r und I)ri~.ing S~ifcty 

Pre\-ious research has recognized the in~portance of decision- making. judgment. a\i.areness. 

ability to draw correct inferences from incomplete information. and e\,en perso~lalit!. traits as !'actors 

that are related to driit-r safety. For example, significant correlations ha\.e been reported between 

test-course driving skills and measures of choice reaction time, timed visual discrimination. e>,e 

movements during driving, and performance on visual search tasks (Mourant. 1979: \%'itkin. ! 969: 

Sivak, Kcwman. & Henson. 198 1 ; Shinar, 1978). Measures that reflect general attention. selectii.e 

attention, attention-sharing and decision- making, such as choice reaction time and dichotic 

listening have also been related to driixcr performance (Kanncnian, Ben-lshae, & Lotan. 1973: XIihal 

& Barrett. 1976; Barrett et al., 1977). 

Retchin, Cox. Fox. and Irwin (1988) have suggested that those drivers \vho are most likely to 

reduce their driving as a compensatory strategy are aiso those most impaired on motor and \.isual 

measures. I-iowever. self-imposed driving restrictions do not compensate for all areas of difficult!- 

as evidenced by accident statistics (Rackoff and Mourant. 1979). Thus. \\-hen pr0tectii.e strategies 

fail, for any reason, older drivers become probable high-risk drivers. Since protective compensatory 

strategies require at least minimal awareness of impairment, those dri\.ers \\-hose cogniti\.e 

impairment precludes such awareness are most at risk. I! is not clear whether this increased risk 

might be largely due to primary cognitive inipaim~cnt (e.g.. impaired decision-making. reduced 

capac i t~)  or due to a lack of insight into ihc need to restrict dri\ ing. Ilo\\c\.er. i t  sc'en:s clear thar 

the judgment. planning. and attentional capacities required for drii~ing ma! be absent or 

compromised in a substantial percentage of older drivers. Currently. it remains an open question as 

to ivhat degree ofcogniti\.c impain:ient. should restrict or preclude dri\ ing (Cushrnan. 1993: Ritchin 

ct al.. 1988). 

Cognitive-perceptual deficits associated \\.ith aging have the potential to affect diffcrcnt 

. . 
phases of the dri\.ing task and nu>- ~lltimatel!. esplain h~ghcr  accident rates among the eldcrl!.. 

lio\\.c\,cr. fciv rcscarchers h a w  esamincd t l~e  relationship 1 ) bct\vc.cn any of tlicsc tunctional 



problems and actual dri\.ing records. 3) bet\\.een rhesc filnc!ional problems and the comprehension 

ol'anc! response to complex dri\ ing situations. 

Researchers \i,ho ha\.c attempted to link sensory or motor capacit!- losses to accident rates 

ha1.c surpri3ingly found little correlation. Staplin and Lyles (1991) note that. in spite of numerous 

documented declines with ad\.ancing age in sensory - perceptual skills. cogniti\.e functions. and the 

speed of ps>.chomotor responses in\.ol\sed in dri\.ing. "safety researchers ha1.e . c t  to account for 

differential accident experience in terms of'perfomance deticits on critical dri\.ing tasks." l 'he 

literature concerning the relationship bet~veen impaired \.ision and older adults' risk for accidents 

has recently been exaniincd: it was concluded that "research to date has failed to establish a strong 

link between \.ision and driving in the elder]!. (O\vsle!- et a]., 1991)." 

The failure to find a reiationship betiyeen sensory capacity and dri\,ing skill may be di1.e to 

the \veil documented ability of people to effecti\.ely compensate for age related decrements in 

sensory or cogniti\.e abilities. There are, for example. se\.eral reports that indicate that \yell learned 

skilis are retained despite age related declines in their presumed cogniti\.e components. This 

phenomenon has been obsened in chess pla!-ing (Charness. 198 1 : Pfau and Murph-j. 1988). bridge 

(Chamess, 1979). and transcription typing (Sa!thouse. 1954). Further. despite the age-related 

decline in \.isual acuit!. under low light conditions. a recent study (Kline. Gliali. Klein. and Bronn. 

1990) found no age related differences in the \.isibilit!. distances for high\va!- signs under da!. and 

dusk conditions. 

E. Self-rcporictl P1.ohlc.tr1.c of'Oltler. L>r.i\*cr..v 

During the initial pl~ase of the present project. reports \\.ere collected from older dri\-ers 

regarding those aspects c.f dri\,ing. particularl!. free\\-a!- dri\.ing. that the! find most difficult and:or 

stressful. l 'he frcai-ay dri\-ing conditions most oftcn cited by our sample of older dri\,ers as difficult 

andior s!rcssful can be di\-ided into tlircc main catcgorics. l 'hc tirst catcgon consists of comnicnts 

about the dri\ er's lo~ftrn~ii iot . i / j .  \\ it11 i l~c  frcc\\a>- s!.stcrii coupled ivitli a lack of k n o u  lcdge regarding 

]lo\\ tlic s!.stcri~ operates. Spccitically. nidcr dri\.crs reported: (a) di tticuli! in corrcctl!- interpreting 

o\ erliead road\\n!- directional infl~rnintion. (b)  hci~ig uncomfoi-table ivitli road initiated lane changes. 

and (c) rhnt I I ~ \  irig to n;i\.iga:e \\ithour the bcnctit of tamiliar landmarks was often stressful and 



conhsing.  

A second category of con~plaints in\.ol\.cd problems related to dri\.ing at faster rates oi'speed 

such as: (a) having to make maneuvering decisions quickl!.. (b )  being unable to compensate for 

being in the incorrect lane \$-hen a frceir-a! di\.ides into tn.0 or more major routes. (c)  the difficult!. 

o f  getting to an exit in time. (d)  the difilcult!~ of merging onto the fiee\<,a> from an on- ramp. and (e) 

being required to make o\.erly rapid lane changes. 

The third categoq. in\,olves issues of attending to na\.igational and!or directional 

information. Expressly mentioned \vex:  (a )  ha\.ing to deal \\.ith increasing le\-els of information 

presented along the route (e.g.. names or numbers of exits. miles to exit). ( b )  delineators which 

redirect the flow of  traffic by channeling dri\.ers into unexpected dctour lanes. (These are also often 

accompanied by reduced speed signs. flashing barricades. and/or flagpersons). and (c) \ x i ab l e  

message o\,erhead signs issuing \+-amings or directions regarding \+.eather conditions. traffic breaks. 

o r  road closures. 

Our data thus indicated that older dri\.ers a\.oid novel dri\.ing en\,ironn~ents. such as 

free\vays. because the>- lack knokvledge of ho\\. the free\+a!- s!,stem operates (e.g.. road initiated 

changes. exits that appear to direct a dri\.er in an univanted direction). the!. ha\.e to make 

maneuvering decisions at a high rate of speed as opposed to being able to "get one's bearings ~vhi le  

at a stop light". and ha\.ing to attend to increasing le\.els of infornllition nhich ma>- also require a 

quick and specific response. Respecti\.el!.. these categories are directl!. related to issues defined h!- 

the theoretical constructs o t  (a) dri\.ing and the speed ol'niental operations. (b) zttention and dri\,inf 

perfi>rmar?ce. and ( c )  age and fluid intelligence. 

11. DRIVING !ZND THE SPEED OF A.IF-:NT.AI. OPERATIONS 

it has been suggested that n:any ot'the ape ditti.rcnces in driving ma!. be largel!, nlediated b! 

age-related reductions in the spccd of executing sinlplc processing operations (Salthouse. 1991 ). 

Sc\ era1 studies h a w  repartcd that adult age differences in \-arious measures ot'cngniti\-e functioning 

are either moderatel!- or substantiall!- attenuated b!- statistical control of\-ariables retlecting the 

spccd o f  simplc perceptunl carnparisons. 



In the research described belo\\ \ \ c  e\.,aluate the relationship bet~ieen age-related declines in 

perceptual comparison speed and dri\.ing competence. I'erceptual comparison speed is a basic 

l'unction that mediates both \,isual search abilit!. and a t te~t ic~n  s\\ itching abilit?. (cf, discussion of 

attention s~vitching and dri\.ing abilit!. beloit). 'I-he Trail Making Test liom the llrll.cicrrti-Reiiirr7 

.~e~rrop.~~chologicul  IL.si BLIIIL'V)' \ \as chosen fbr assessing perceptual comparison speed. Because 

the \.isual search behavior of  dri\.crs becomes less efficient as earl!. as 5'3 - e a r s  of' age. in\.ol\-cment 

in certain types of accidents may be related to the t! pe of diminished capacit!. measured b!- the Trail 

Making Test. 

The Trail Making Task allo\vs e\-aluation of the extent that age effects the abilit- to make 

rapid, but relatively simple, responses in a perceptual comparison task similar to those arising 

during the course of dri\.ing on a free\\-a!.. 

A. Tusk C'o niple.uity. 

One line of' research supporting the idea of age-related slo\\-ing in i n f  rmation processins is 

the task complexity effect. When older adults' mean reaction times to increasing task demands are 

plotted as a function of >-oung adults' means in the sanic conditions. the result is typically a 

monotonically increasing function \\.ith a slope greater than 1.0 2r.d a negaii\.e intercept (Salthouse 

82 Sonlberg, 1982). The implication of this type of  relation bet\\-een y u n g  and older adults' 

reaction times is that the o\.erall complexit!. of the task. rather than the processing demands of 

specific task conditions. is the most important dctcmiinant of age differer,ces in perfomlance. 

Ill. ~41'TENI'ION i\ND DRIVINCi PERFORJl.ASCE 

One rcason that unfamiliar traffic situations pose a problem for the oldcr dri\.er is that 

attcntional capacities tend lo decline \\-it11 age. Because of !he limited inhrmation processing 

capacit!. of the human brain. indil-iduals arc unable to process all of the infornlation in rlleir 

immcdiatc surroundings: the!, must sclecti\.el!- attend to a restricted \ -~sual  or auditor?. domain at an! 

particular timc. Age rclated declines in this iibilit! 111;i). ~~nder l ie  nian!- ot't!lc problems crpcrienced 

by older dri\.ers. 



:I. 1~oclr.ie~I L'c~r.su.s Di.~/rih~rrcd Atto71ic1~ 

Ilri\ring presents a challenging situation in terms of a!tentional allocation. Not onl!- is a 

great deal of information important for accurate naiigation. but a substantial proportion of the 

particulars in thc en\ironment are irrclc\.ant for :he indi\.idual dri\,er (e .g.  iiecii-a! cxit signs 

denoting offramps that a driver does not n-ant to take). 

Adult age difTerences in the perfbrmance o f a  \.ariet!. ofcogniti; e tasks. including \-is~ial 

search. have been attributed to an age-related decline in attentional capacities. This decline is 

tj.pically discussed in terms of either a decreased a\.ailabilit!. of processing resources or a decreased 

efficiency of the seleciion of task-rele\.ant information. One \va!- to understand age deficits in 

attentional capacity is in terms ofthe distinction bet\veen/bc~r,scd and ~ii.s~rihlrted attention. Focused 

attention refers to the extraction of information from a single displ? location uhile distributed 

attention refers to the extraction of information from a broader area. There is some el-idcnce that 

suggesis that performance on tasks requiring focused attention does not decline \\ ith age. I-or 

example, the ability to use a location cue during \.isual search. has been reported to be resistant to 

age-related decline (Hartley. Kieley, 22 Slabach. 1990).. 

In contrast. distributed attention capacity detinitcl!. shoivs an age-related decline. For 

example. the estimated t i n~e  required to process a noniarget letter and shit't attention bet\\~cen 

displa!. positions has been found to be significantly greater for older adults than for !.oung adults. I t  

appears that there is an age-related s:o\\-ing in ability of a cue to facilitate sub.jccts' dccisions 

regarding individual disp1aj.s. In dri\.ing. this \i-ould be analogous to older dri\-ers requiring a 

longer search and processing timc to shifi attention i r o ~ n  one iarget to another. I'or esample. if an 

o\.erhead directional sign contained information about sc\-cral target locations ( i . ~ . .  miles to the 

csit). older drivers n-ould requirc more time to find tlic inthrmation most rele\-ant to them. 

li\.idericc supporting this Iiypothcsis \\as repnrtcd b!. our sample of older dri\ers. The!- 

complained of  being rcquircd to attend to too mach infhrnlation along thc tiec\\-a! and ke!ing that 

they didn't ha\ c a cnmt'ortablc \\-indo\\- nt'timc to do it. hlaiidcn ( 19C)7) also found tliat increasing 

cuc \validit>- appeared to i:lcrcnsc the difticult!- of discngagirlg fncuscd attcntion liom the prinlar! - 

cued location. In mcrc bclirl\-inral terms. this mcans that older dri\crs Ivouid have marc dii'tic~ilp in 



s~titching from an e:<pected target location and quickl!. scanning an area. if the target \{-as not in the 

location they expected to find i: in. 

Given the age-related decline that occurs in the sensor!, processes undcrl!.ing \.ision. limited 

display duration \+.ould impair search performance more for older adults than for >oung adults. 

u.hich in turn \vould increase the amount of assistance that older adults M-ould obtain from a !ocation 

cue. Attention-shift reaction time is also longer in duration for older adults than for !.oung adults. 

It is possible that an age-related decline in x.isual acuity contribute to this age difference: the 

time required to process a single nontarget displa) item is one co~nponent of the estimated attenlion- 

shift reaction time. IIowever, Madden ( 1  992) found that the age difference in attention-shift 

reaction time remained significant e\.en u.hen group differences in \.isual acuit!. \+.ere taken into 

account. 

B. lnuttention cind Driving C'onlprience. 

Generally. the kind of mistakes that older dri\.ers tend to make often in\.ol\.c inattention 

(e.g.. failure to yield or running stop signs). Assuming that such infractions are not attributable to 

\villful disregard or recklessness. it ivould seem that older drivers experience more difficulty in 

noticing. and thus responding appropriately to. signs and signals. As Marsh (1960) has noted. the 

fact that older drii'ers tend to be more safety conscious. yet often ignore or misinterpret traffic 

signals, highlights the role that inartenti\eness plays in creating vulnerability for the older driver. 

hlany of the dri\ling situations older drivers most frequently describe as difficult and!or 

hazardous (e.g.. backing up) ha\.e not bee11 found to significantlj. correlate \\.ith actual dri\.ing 

prohlcnis as indicated b!- accident incidents (Panek and I:o\t-lcr. 1969). Cuslimati (, 1992j has 

suggested that the risk situations I\-hich older drkers  are less an-are of. and thas less able to 

compensate for. arc circunistanccs requiring attention. judgment. and general cogniti1.e abilit!.. 

Inattention is a t>pe of risk factor that older dri\.ers arc unlikel! to be a\+-arc of arid are thus unlikel!. 

to be able to compensate thr. In thc studies described belo\v inattention scrvcs is used as a 

dcpcndent \,ariable. Se\~cral mcasurcs of cognitii e deticits arc used to prcdict the degrec to \+ hich 

dri\crs can remain \.igilant \\liilc bchiiid the \\liccl. 

(. . , l~ /c>) i t io~ i  ,'i\~.;/c,/?i)ig ,~l/)ili~,\~ und Ili.;\*in,cL 



'l'he fundamental constraint that underlies all thc operations ol'attcntion is the limited 

intornmation-processing capacit~, of the brair: (l'osncr. 1989). Because of this constraint indi\,iduals 

are unable to process all of the information in their immediate surroundings: t h e .  must .vclrc~i\.c.l~. 

~rrre~rd to a restricted \.isual or auditor!, domain a? any particular time. In order to process a large 

amount of information, indi\riduals mu%t rapidly switch their attention i'rom one information donlain 

to another. 

'Ihe attentional demands imposed by dri~. ing are formidable. L)ri\,ing is a simultaneous task 

paradigm in ~ s h i c h  the dri\.er must attend to vanin& trst'tic conditions. attend to traffic control 

de\.ices, and navigate. Consider the problem facing a driver tvho is t n ing  to na\.igate to a particular 

address by using street signs. The dri\-er must switch attention between other \.chicles. pedestrians. 

traffic control de\.ices (stop lights. lane markers. etc.) and streFt signs. If attenrion switching 

capacity is poor. the time spent locating and comprehending street signs \sill significantly detract 

from time spent monitoring the road\va\-. If attention switching capacit!. is \,er!. poor. the dri\,er 

may choose not to monitor the peripheral \,isual field. or the rear \.ie\i- mirror. producing a kind of 

"tunnel \.ision." 

Despite its apparent releiance. the literature concerning age and driving competency has yet 

to s\.stematica!ly explore the relationship bet\veen attentional skills or attention s\s-itching speed and 

dri\.ing abilit!.. 

D. .l.s.sc.s.sirlg ,4/1en1io,1 Su.i!chin,q .4hilio : The Tiuil .\J~lkir?g TC.YI. 

The research described helo\+- emplo!-s the 'frail X4aking Test as a primary measure of 

attention s\s-itching abilit!-. and links perfomlance on this test to perfomlance on a dri\ irig simulator. 

This test. originall!. part of the .4nn!. Indi\,idual Test Batter!-. has enjoyed 1s-ide use as an easilx 

administcred tcst of general orie~~tatinn and attention skills. I.ike most other tests in\olving motor 

speed arid attcrition functior:. the 7'rail htakir~g Test is Iiighl!- \.ulncrable to the cfkcts  of both age 

and brain in.iur!. 1 lie tcst is gi\.cn in t u n  parts. /I and I3. The sub.ject must first d m \ -  lines to 

connect consecuti\ely ~~umbcrcd  circlcs randomly placcd on one work shect (Pan TI). and then 

co~inect tlie satiic ~iutimbcr of cotisecutivcl!- numbcred and Icttcrcd circles on anoiher work shect b!- 

alternating bct\s-ecn 11;e t \ ~ o  scqucnccs (I'art 13). 'l'lic subject is urgcd to connect the circlcs "as fast 



as 0 1 1  can" ~ i t h o u t  lifting the pencll from thc paper. 1 he test has den~onstrated high test-retest 

reliability (r = .78) over six month intcr\.als and is relat i ie l  resistant to practice effects (Lezak. 

1983). Extensive T-score norms deitcloped b! !~larlc!- and his coij-orkers ( 1  980) offer a sensiti5.e set 

of norms for men aged 55-79. 

As with any test in which response speed contl.ibutes significantl!. to the score. perf~rmance 

on the Trail Making Test declines with age. The nature ot'the decline can indicate underl!-ing 

patholog!,. When the number of seconds taken to complete Part A is relati\.ely less than that. taken 

to complete Part B, the subjcct probably has difficulties in conceptual tracking or s!mbol 

interpretation. Slow performances on both parts point to the !ikelihood of brain damsge. The 

slower performance of older subjects on this test is thought to be a result of deficits in frontal lobe 

functioning that are kno\vn to occur n ith age. 

The Trail Making Test's utilitl- goes far beyond the assessment of brain damage. Visual 

scanning and tracking problems that show up on this test indicate: (1 ) how \vcll a subject responds 

to a visual array ofany  complexit!.. (2) how \veil hehhe performs \%hen follo~ving a sequence. (3) 

the ability to deal with more than one stimulus or thought at a time (Eson et al.. 1978). or (4) how 

flexible helshe is in shifting the course of an ongoing acti\.ity (Pontius and Yudo\+.itz. 1980). 

Staplin. Lococo. and Sim (1 990) used the Trail hlaking Task to compare the speed. accuracy and 

flexibility cjf directed \,isual search among !-ounger and older dri\,ers. The authors noted that the 

a r g ~ m e n t  that directed \.isual search processes pla!- a central role in the effecti\.e use of traffic 

control devices is strong. and the Trail Making task pro\.ides a quick and clinically proven 

technique for making conlparisons in this area of operator perfom;ance. As predicted. they found 

that there \vere substantial differences in the directed \-isual search capabilities of younger and older 

dri\rcrs with older dri\,crs requiring significantly niorc timc to conipletc the task. 

IV. il(ilz X N D  I..LL:ID INTl3LI.IGENCt-3 

l ' r~ \~ ious  rcscarcli on the rclationsliip bet\\-ecn cogniti\.c ability and dri\.ing perfoni~ance ma) 

not have been appropriately sensitive to thc in~portancc of familiarit!-. Age related cngnitil-e deficits 

are most likcly to influence lie\\ Icarning and perti~r~nance in unir~miliar situations. The problem 



that older drivers have with unfamiliar dri\ ing situations n i a .  be undcrstoood in tcrnms ot'the 

distinction betnecn "fluid" and "crystallized" intelligence. Fluid intclligencc refcrs to a general 

proccssing ability and includcs the ability to percei1.e relationships. deal \\-ith no\.el problems. and 

to acqire net\. knon'ledge. This is in contrast to cr!.stallized intelligence \\ hich in\ol\.es acquired 

skills and kno\\-ledge and rhe application of'that knouledge to specific contcnt in a person's 

cxperience (e.g.. skills of a good auto mechanic. salcspersnr?, or accountant). 

Fluid processing typically reaches its peak tic!l before the age of 20. Thus. a t\\-ent!--!-ear- 

old may be more successful than a sist!.-fi\.e-!.ear-old a! sol\.ing some problem that is unfamiliar to 

both of  them. but the sixty-fi\.e-year-oId \\ , i l l  excei in salting problems in his or her area of' 

specialization. The evidence to date sho\vs minimal age dift'creimces in nicmon- for familiar 

materials that ma>- be found in the e\req-day ent ironment. The pcrf'ormance of older subjeccs 

declines \vhen the material is unfamiliar. incomplctt. or irrele\.ant to the criterion task. 

A. ,I4easuring Filricl lnrelligence: The I.l.bnd~ock-./uhit.~o17 I'.s.:.chologiccrl Tesl Bcrtierj.. 

Fluid intelligence is directly related to that aspect of dril-ing tthich requires indi\.idua!s to: a )  

process spatial information, b) effecti\.el!. comprehend a now1 or unfamiliar road\va!. c--. '  ~ronnient. 

or c) respond creativelj, and effectively to a!>-pical dri\-ing situations. This abilit>- is particularl!. 

important for operations such as interpreting highivaj, sj.mbol information. map reading and 

interpretations. understanding directional information. and maintaining or achiet-ing a desired lane 

position in arcas \\.here road-initiaicd lane changes occur. A good deal of the rele\,ant information 

presented along freetva!. routes requires recall of' verbatim surhce infonat ion  for directional 

guidance. ]-lo\\-e\-cr. it is also often the case that pan of the information ma! not be attended to. or 

seen. in time \\-hile driving. In addition. much of the infomiation is no\.el for older drilcrs 

unaccustomed to free\vay dri\.ing. 

~ f h c  lli)o~Icock-.Jr~ll~~sc~~l I'.~~,~llrilogicr;l 7 2 . ~ 1  llrrli~'~:~. (\i'.lPl3) \\;IS uscd t~ test the abilit! to 

draw accurate inkrences or inteiprctatio~~ ti-om incomplete and not-cl inhrniation. I'hc \\'SPB 

includes subtests \\.hich can !-icld important iiitilrniation regarding spccitic deiicicncies. 1-or 

esaniplc. thcse tests can rcvcal possihlc impriirmcnts in thc pcrcepticl~l and rec:tll of\-isual pattenls. 

nintor dif-ficultics in cop>-ing forms. limitatio~ls of slion-tcrm Incmnp- (Sl-J1). inabilit~ to handle 



abstract concepts. and many types of language disorders. For our purposes. \ \ e  h a w  choserl to use 

the subtests of letter-~.ord identification and passage comprehension. The letter-uord identification 

subtest provides a measure a measure of \.ocabular!. Ic\el for indi\.i;iuals grade 10 to adult. Sithjccts 

arc required to pronounce. out loud. 22 \i.ords increasing in difficult!. (e.g.. in\.estigate . . .p uisne). 

Subjects M-erc not penalized for mispronunciations resulting from speech defects. dialects. or 

regional speech patterns. 

The passage comprehension subtest requires sub.jccts to corrcctl!. infer a missing nard from 

a ivritten passage ranging in length from a single sentence to sc\.eral sentences in a short paragraph. 

Subjects read 23 passages increasing in difficulty. S~ibjects read each passage silently and \\ ere 

instructed to write a single word in the blank that the>- felt best completed the passage. The!- \\.ere 

encouraged to not spend more than 30 to 45 sec on each passage. but time \\.as not a constraint. 

Reliability estimates, or the stability of test scores o\.er time. for ages 40 - 64 and 65- !ears 

in a normal population range from .83 to .96. Generally. coefficients ol'.80 or higher are indicati\.e 

of test stability (Woodcock. 1978). Woodcock (1 978) presents good e\-idence of construct \ . a l i d i ~ -  

ranging from moderate to high (.75 to .90) fgr normal popuiations. 

Predictive validity is the ability of a test to predict performance on some other nieasurc of 

the same concept. The relationships bet\\,een the \4'oodcock-Johnson and \.arious other cogniti\.e 

measures have been found to be moderatel!. high to high (prirnaril!.. .60s to .80s). \\-it11 the highest 

relationships reported for predictors ofperfi~mmance relating to reading. \witten language. and 

knou lcdgc (Stein & Brantlcy. 1981 ; Woodcock. 1984). 

V. PilEASIIRING DRIVING Pl7KFORh,1ANCE 

l'erfonnancc on a dri\-ing sirnulator \\as used to el  aluate a the impact of age-related 

cogniti\.e deficits on a comples dri\.ing task. l'lie driving simulator pro\,idcs ecological \ alidit). in a 

contest that docs not place tlic sutjcct at increased risk. 1 1 1  the Ihllo\\-ing studies. tllc impact ot'zge 

related cogniti\ c deticits \vill hc c\,aluntcd through subjects' ?crt'orninnce on the dri\.ing simulator 

s!-stcm designed hy Systcms 'l'cchriolngy. Inc. (S'I'I). Past rescarch nn \-chicle d>namics and dri\ er 

control bclia\,ior. drij'cr dccision making and di\.idcd/sclccti\-c rlttcntion heha\-inr and rcspnnsc to 



tral'iic control devices has been applied to the creation of control tasks and cogniti\e scenarios 

t!pical of real ~vorld driving. 

A combinarion of vehicle dynamics characteristics and con~pensation for Conlputer 

Cienerateci Imager) (CGI) transpofl delays ha\.e been employed to create an appropriate stin~ulus- 

response relationship between steering inputs and visuai display motions. The composite \.chicle 

d!-namics~compensation characteristics have been carefully integrated so that steering sensiti\-it!. is 

appropriate over the full range from rest to top speed. and is not sluggish or oscillatory as  is the case 

ni th many CGI based dri\.ing simulations. One of the  key features of the dri\.ing sin~ulation is its 

use of sound to give feedback to the subject. The program incorporates engine ~ o i s e .  tire screeches. 

sirens, and crash sound that are plaq-ed in the background as the simulation continues. The engine 

noise includes both up and dotvn shifiing, and engine RPh,$s. The tire scrcech \\.ill occur ii'the 

vehicle is cornering too fast. and the siren sounds if there is a police officer present and the subject 

is caught speeding. Finally. if the subject hits another \.chicle. or runs offthe road. a crash \vill 

occur. The crash includes a cracking uindshield and the sound of t\visting metal. 

I .  METHODS 

.-I. Str$jects 

Fifty subjects between the ages of 55 and 87 \vere recruited from se\.eral senior centers in 

the greater Phoenix Metropolitan area. The niean aft: \vas 71.24 (SD=5.9). 1-\vent?-six subjects 

\Yere male and 24 \\-ere female. ,411 subjects \Yere informed that participation \vas voluntan. and that 

the! were free to withdraw from the experiment at an! time. 

B. .4ppor(1lt1.s 

I Dr;\.;ilg L5-;l?ll//(~/;o~l 

fhe  S!stems 7echnolog!. Inc. Driving Sinli~lator (\ersion STISIR.1. 5 )  softuaare \\as run on an 

If3hl PC. 

-7. . \ 'crri-o/~.\: '~~~I~~~/ogi~~(rl  I'liil~*/io~liilg 

The .I'raii Xlakiny I'cst from thc F!(rl.\./crrt/-Rcitrri; ,\~~~lrr.o/~.\:~~cI~olo,qictrl Tc.Y/ Brr//c>i:\. \\.as used 

as a mcasurc ot'tiontal lohc ti~nctioni~ig and to assess perccpt~lal comparison speed. Both Foml '4 



3 I't~rh~iI ~ t ~ d  Re(i,~t71t7g A h / l / i ~  

-1 he letter-nard ident~fication and pabsage comprehension subtcsts from the Ij'uodcock- 

.Johtl\on Reudrnf: P\~~hologrc(rl Bcirrcr~ \\ere gsed a s  a measure of \ocabular\ le\el and the abi l i t~ 

to dra\+ accurate inferences from ~ncomplete ~nformation 

4. Procehn-e 

A d r i ~ ~ i n g  e\.ents scenario \\.as programmed on the simulator to alloiv examination of a 

\-ariet:,. of dependent measures under \.ar! ing conditions. Subjects recei\,ed instructions regarding 

the dri\.ing task before beginning the actual simulation. They ivere s h o ~ n  ~vhere the "rear\rie\\. 

mirrors" \vere located and kvere asked to show the experimenter the appropriate response: making 

either a left or right turn signal and pressing the horn button. Subjects ivere also asked to test the 

brake and the gas pedal to make sure they \vere comfortable \vith the location. E ~ e n , t h i n g  

appearing on the monitor !e.g.. speedometer, car hood. etc.) \\as identified and explained to the 

dri\.er before beginning the test dri\.e. Al! subjects completed Pan A and B of the Trails Making 

Test. the \.ocabulan test and the passage comprehension test. The order of these tests and the 

dri\.ing sim1.1lation ?ask \\.ere counterbalanced. 

5. Test Dri1.e 

The length of the dri\.e ivas 28.000 ft. (5.3 miles). Data \%as collected ever?- 0.1 sec 

beginning at 4500 ft. and ending at 5500 ft. This allo-.\-cd the subjects to hmiliarize themsel\.es 

\\-ith the simulator before an!- data \\as collected. Accidents \\ere defined as steering too far off the 

road\\-ay as to cause a crash and collisions n-ere defined as actuall!. hitting another \,chicle or object 

6 Dri~,rjtg ,%1?1111u/rot1 1 irr~(ih/(~\ 

Data \\as collected on the folln\\lng \ariables: 

1 .  Age (i\ge) 

2 .  I'ime to coniplctc pan 11 and 13 of the l'rails Mnhing Test (Trails A and Trals  R )  

3 .  Sumbcr corrcct on thc \ocabular\ and passage completion tcst (Vocab and Passage) 

3 N!~~nhcr of i\cclde~lts (:\cctdc~~ts) 



5 .  Number ot'Collision5 (Collisions) 

6. Number of Pedestrians hit out o f a  possible trio (I'cd) 

7. Sumher of Speed Esccedenccs defined as an!- time the dri\.cr escceded the posted speed !inlit 

(Sp-Excd) 

8. Number of Specding Tickets defined as an!. time the dri\cr exceeded the speed limit in the 

presence of a police officer (Sp-Tck! 

9. Number of Traffic Light Tickets defined as an- time a dri\.er failed to obe!- a traffic control 

device in the presence of a police officer iTraf-Tck) 

10. A\.erage Speed and Variation of' Speed (ft.:'sec) during data collection (Spd & Spd-Var) 

1 1 .  Average Vehicle Curmture and \'ariation of Vehicle Cun.ature error ( 1:ft.) \\ith respect to the 

road (Cum & Cum-Var) 

12. X\lerage Vehicle Heading Angle and Variation of Vchicle Heading Angle (radians) defined as 

heading error of the \.chicle ~vit'n respecr to the road. (Angle R: Angle-\'ar) 

13. A\.erage Lateral Lane Position and Variation of Laterai Lane Position (f i . )  defined as \chicle 

lane position error. (Lane & I.anc-\Tar) 

14. Average Steering LVheei Angle (degrees) and Variation of  Steering \!'heel Angle (Steer & 

Steer-Var) 

15. Average ,4ceeleration due to throttle input (g's) and Variation of Acceleration (Tilro 22 Thro- 

Var) 

16. A\.erage Deceleration due io braking (g's) and Variation of Ueceleratioii (Brake 8: Brake-Var) 

' I .  K13SI,'I-l'S 

.I'lie a\-eragc time rcquircd to complctc part +\ of the l'rails J l a k i ! . ~ ~  Icst  \\as 35.55 sec (St1 = 

16.70). 1'he a\.erage timc for part t3 \\-as 98.09 scc (SII = 63.48). Sub.jccts cnrrectl!- pronounced an 

a\,eragc of 15.76 (SII = 5.2!). or 71.69'0 of the i \ ~ r d s  on the \ocabuiar! test. On ax rage .  subjects 

corrcctl!. inferred 11.96 (,SI> - -3.67). or -18.01,b. nl'thc uards  on the pJssage cnmpletion test. 

..I ('or-r.c~ltriior7rrI :!ritrI~..vi.\. 

Pcrli)rniancc on 'I-rails /\ and ['rails 13 indicates the ilunlbcr ot'sccnnds required to cnmplctt. 



the test; high numbers indicate poorer overall performance. Vocabu!sr! and passage 

co~nprehensions scores on the LVJPB indicate the number of correct responses: high numbers reflect 

better overall performance. 





7irl)lc / (continued 'l 



13. k'trc~or ,4 ntrlj'.vi.v 

An exploratoq, Sactor analysis \r.i~h Prornas oblique rotation \+-as performed through SAS on 

scores for the 25 \.ariablcs. Principd components cxtraction \\-as uscd prior to the rotation to 

estimate the number of factors. presence of outliers, degree of multicollinearit!., and proportion of 

variance associated ~vith each factor. With oblique rotation. proportions of variance must be 

obtained prior to rotation. Because factors were expected to be sorneivhat correlated. variabilit~. Lvas 

also expected to o\,erlap. and assignment of \.ariance to factors is difficult after rotation. A small 

degree of multicollinearity \vas expected due to the fact that mean a\.erage scores as \veil as 

variance scores \vere used for some \.ariablcs. No significant outliers \+-ere detected. and no data 

\\.as deleted from the analysis. 

'4 \.isual inspection of the scree c u n e  indicated that five factors accounted for the majorit). 

of'the variance in the data. Conimunality \.slues tended to be quite high for all variables indicating 

that the factors \\-ere \veil defined b)! the \.ariables. A cutoff of .35 \+-as used for inclusion of a 

\xiable. and all 25 iwiables loaded on four of the five factors. 

Considered together. the fi\.e faciors accounted for 62.5% of the \.ariance in dri\.ing 

performance (Factor 1 = 21.2%. Factor 2 = 14.2%. Factor 3 = 1 1  2%. Factor 4 = 8.6%. and Factor 5 

= 7.3%). Table 2 indicates the loadings for each variable on a specific factor; variables are ordered 

and grouped b?. size of loading to facilitate interpretation. The fbllo\\,ing are interpre1ii.e labels 

suggested for each factor: 

Factor 1 : Controlling foni-ard mo\.ement and stopping 

Factor 2: Attending to lateral movenient.position 

I-actor 3: Cogniti\.e'i\tte~itional problems & Accidents 

I-actor 4: Specd Control. Age. 62 Collision 

Factor 5: Llaneuvcring Skilis 



Tuhlc 2: 1-actcir I>oadings !'or Ilri\.ing Siniuiation \'ariabli.s 

Brake 
Angle 
Brake-Var 
I'hro-Var 
Cur\fe-Var 
1-ane-Var 
Lane 
Angle-Var 
Speed 
Collision 
C unrc  
Passage 
Vncab 
Accident 
Trails B 
Trails A 
Sp-Excd 
Spd-Tck 
Spd-Var 
'Thro 
Age 
Pedestrian 
Steer 
Steer-Var 
rraf- I'ch 

\!Ill. I~ISCI:SSIOS 

bactor 1 is related to thc f'onvard no\-ement of thc \-chicle. and particularl!- to the \-ariation 

in rno\.enlent. Intercstingl!.. cur1.c \.ariation and throttle \.ariation. both \.ariablcs on this factor. arc 

also significantl!. correlated I\-ith accidcnts but not ui th collisions. I'his suggcsts thai got onl!. docs 

I.-actor 1 rcpresclit mo\,cment. but tlint the aniount of  \.ariation in control no\-cmrnts ma!- bc related 

to diminislicd abilit!. to attcild to all aspects n f a  complcs task. [hi\-crs \\ho \\-ere stcad!. in their 

mo\ cments (sho\\ed lcss moment to r!lol?lcnt \.ariation) I?ad fc\\-cr accidents. 



Interestingl~.. iuxbular!. scores on the If'JI'b \\ere associated \\ ith Factor 1 performance. 

with high \,ocabular! being associated \r.ith better perfbrmancc. I'crt'ormancc on the 'frails test \ \as  

iincorrelated \c-ith Factor I performance. 

I-actor 2 is indicati\.e of'lateral mo\,ement. and position of the \,chicle on the road\\as.. rather 

than for\vard movement. Angle- Var is positi\.cl~. correlated ivith accidents. but together ii-ith Lane- 

Var is negatively correlated with collisions. The number of' collisions \ x i ab l e  ioads negati\.el! on 

this factor. Again, \ve see the di.Ckrcnt probable causal pattern for accidents and collisions. The 

negative loading for collisions on this factor could indicate that those indi\,iduals shoit-in? greater 

~tariance in the Lane, Angle. and Curie variables do so due to o\.ercorrecting (and so a\-oid 

accidents). while for others the increased \.ariance reflects inattention and road nandering. 

Factor three refers to cogniti\.e attentional \ariables and accidents. This cluster reflects the 

fact that good performance on the Trails test. on \.ocabulaq- measures. and on passage 

comprehension measures is associated ivith fewer accidents. The composition of factor 3. \$.hen 

combined with the specific correlations displa~red above. pro\.ides strong support for our initial 

hypotheses: scores on measures of' information processing abilit!- are significantly related to dri\-ing 

performance. The correlation betiveen age and time to ~omplct t l  part B of the Trail \laking task 

directly parallels findings from pre\,ious studies indicating that sustained attention and concentration 

become more difficult with age (Cushman. 1992). Our data indicates that as attention and 

concentration beconle more difficult, accident rate increases. 

Factor 4 defines a clustcr related to speed control. throttle control. age and collisions. X 

subset of the dri\.ers in this sample had difficult! in adcquate1~- controiling their speed \\-hile 

dri\.ing. especiall>. when rounding turns. 7'his factor indicates that these failures in speed control 

\i.ere associated \\.ith a tcndenc>- to drive the \-eliicle oft' the road (collisions). Failure in speed 

control \\.as also associated \\.ith age. \\.it11 poor pcrforn~ancc on l'rails .-\ R R. and ui th poor 

pcrformancc on thc WJPB \.ocabulan measurc. 

1:actor 5 appears to be primarily rclatcd to ~nancu\-cring skills. :\\.erage steering rate is the 

on11 positivc loading on this i~ictor. \i;iilc the \-ariation associated i\-ith steering and \-chicle 

curvature error ha\ c ncg~ti\ .e loadings. I'his suggests that the factor rctlccts accurate and conirollcd 



nlol8ement through the drive. Both Steer-Var and Curve-Var are positivel!, correlated with 

accidents; the negative loadings for these variables supports the idea that controlled moi.ement is 

associated with a reduction in accidents. 

The general findings of this study supports the utility of the Trail .Making Test and the 

'%JPB as predictors of driving competence. As noted abave, these tests measure a \.arietj. of 

cognitive abilitiesldeficits. Under the information load conditions of the present stud!.. these 

measured cognitive deficits were related to a decline in driving performance. In the next phase of 

our research we plan to vary information load (task complexity) to more closely obsene the 

relationship between cognitive deficit and information processing while driving. The present results 

further indicate the need for a more fine- grained analysis of cognitive deficits. The Trails test does. 

however, appear to hold promise as a general screening measure that is significant;). related to 

driving ability. 

Driving problems related to deficits in fluid intelligence were also evident in our sample. 

The performance measure for this variable, the Woodcock-Johnson. \vas significantly correlated 

with our other cognitive measure, The Trails Test, with accident frequency. and with specific 

driving performance measures (e.g. throttle control). Decreased levels of fluid intelligence was 

hypothesized to be responsible for the discomfort that older drivers reported kvhen driving in 

unfamiliar situations. Age-related deficits in fluid intelligence were obsenxd. and they u-ere related 

to driving variables. 
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SECTION 3 CARDIOVASCULAR MEASUREMENT OF 
DRIVER WORKLOAD 



A considerable number of research efforts (cf. Sadalla & t lauser. 199 1 ) ha\.e been 

aimed at describing the demands placed on the driver by surface and i;ree\va> drii-ing 

cn\.ironments. Relatively feu. however. have quantified the degree to \\hich \.ariation in 

these environments impacts driver \\-crkload. One reason for this may be the i ~ h e r e n t  

dif'ficulties invol\led in choosing objective mcasures of dri\fing ivorkload and tracking those 

measures through a complex. dynamic, real world driving en\,ironment. Despite such 

obstacles. research of this nature is critical in order to ensure that human lin~itations are not 

exceeded by the demands of IVHS technology and that innovations such as ATlS reduce 

rather than increase driver workload. 

The studies presented in this technical report \\ere conducted as part of an effort to 

describe the workload demands placed on dri\rers b!. \ r a ~ , i n g  dri\,ing en\.ironments. The goal 

\\-as to begin to provide a human factors perspecti\,e of surface street and free\$-a!- dri\.ing 

environments that can be used to shape the design and implementation of IVHS 

inten.entions. 

In these studies driver \vorkload kvas objectivei!. quantified by measuring moment to 

moment changes in the dri\.ers' cardiovascular response as the>- dro\,c through \.aric\us 

en\.ironments. Cardiovascular respomes \\-ere operationalized as the measure of  \\.orkload 

because the ca:dio\~ascular system is tlie central energy transport sy t en i  in the bod!-: 

increases and decreases in cardio\.ascular acti\.ity reflect changes in n~etabolic demands. 

l'liese demands result ikon1 physical n-ork. cognitive ivork. or eniotiona! response. and are 

t~.pically a blend of al! three. 

-1'lic findings of  Rutley and hlacc ( I  970). Simonscr? ct al. ( 1  968). and \\.> ss (1970). 

suggcst that tlie inlluencc horn ph! sical \\-c?rk in car-hi\-ing is negligible. -1-heir data suggest 

cardiovascular rcspo1:se \ihile dri\.ing primaril!. retlccts t l ~ c  changing cogniti\-c demands and 

clianging emotional responses of'tlic sub.icct. S1:i;ill transient clianycs in cardiox-ascular 

acti\.it>. n-liilc dri\,ing presumably rctlcct :lie inforu~ntinn praccssing deriiands placed upon 



t l x  dri\,cr. I.argcr changes are likely the rcsult of slirnulation from ihc s!.mpathctic branch of  

the autonomic ner\,ous systen~. -]'his system c\,ol\.t.d to facilitate response to emergencies 

and as such is a physiological reflection of' an individuals' subjecti\,c emotional starc. 

i':\rdiovascular response may thus be regarded as an objective qusn?ifica~ion of the 

cogniti\.e and emotional components of dri\.er \+-orkload: one goal of the present research is 

to explore the degree to which such measures reflect changes in the drii.ing cnvironme~t.  In 

order to be relevant to IVHS inter\.entions. the follo~iing studies assessed the cardiovascular 

response of drivers in varied roadnay environments. Drivers \&ere monitored ivhilc dri\.ing 

on surface roads, free\vay entrances and exits. and in two freenziy eni,ironments, one in 

n.hich they were restricted tc! a specified lane position. and one in which freeiva). position 

\\.as unrestricted and left to the driver's discretion. The two f:ee\vay environments \Irere 

chosen because one aspect of proposed lVHS inten.entions in\.ol\.es regulating the location 

and flow of \,chicles in those en\.ironments. 

This research \vas organized into three distinct studies. The tirst study explored the 

physiological impact of differences in road environments. Drivers \\.ere directed through a 

route that in\'ol\.ed surface roads and free\i.a).s. On the frec\i.a!.. subjects drove through a 

segment ~vhere they \yere unrestric!cd in temls of choice of lane or lane changes. During 

another segment of the f'ree\va!. drivers \\-ere required io remain in a specified lane. All 

dri\.ers dro\.e cqual distances in lanc 1 .  lane 3. and the HOV lane. 

it \\.as h~pothesizcd that driver ivorkload demands \\uuld be their lo\\-est in the 

restricted free\i.a!. er?\ ironment since dril-crs \\ere onl!- required to maintain thcir position in 

the flo\v of traffic. R!. thc same rationale. i: \\-as prcdictcd that the high occupant!. \-chicle 

(110\:) lanc I\-ould place the fc\\-est \vorklnad dcmands on dri\-crs. I'urihcr. i t  \\-as 

11)-pothesized that surfacc dri\.ing \\-ould bc highest in \\orkload demands because dri\.ers not 

on\>. \\ere rcquircd to c:langc lat~cs. b i ~ t  \\ere also required to deal ni th t\w unpredictability of 

it1tcr:;cctions. as \vc.ll as traffic Ilo\\- in t\ io directions. Frce\\a). cntranccs. because of thc 

requircd rncrgc \ \ i t l :  traffic. \\ere 11)-l)otlicsizcd to bc a Iiigh \iorkload en\-ironmcnt. and 

ticc\\a!- exits. because r ~ t '  thcir scarcil!' of e\.ents. \\'ere predicted to be rcla~i\.el! lo\v i l l  



itorkload demands. 

I 'he second study csplored the cardio\.ascular consequences of traffic congestion in 

free\iay environments. Congestion \$.as operationalized in terms of the "level of service" 

(1-OS) scale. LOS is quantified on ?he basis of the d c n s i t  of \.chicles on the freenay \\.ith an 

1-OS of  1 being the IOM.L-S~  \.chicle densit!. and I_OS of 6 being the highest \.chicle density. I t  

\<.as h\.pothesized that dri\.er \sorkload \{.auld increase as 1.0s increased. 

The third study in\,ol\sed colnparisons of -,.arious "dri\ring e\.entsM that occur during 

free\va>, dri\.ing to determine whether phasic cardicrvascular responses are sensiti\,e enough 

to detect \vorkload changes that occur in \.cry brief time spans. This stud), examined and 

compared cardio\.ascular responses to e\.ents such as lane changes and \ ehicles mc~\,ing in 

and out of  the lane directl!. in front of the drivcr. 

11. METI-IOD 

.-I. Slrh/'ecr.s 

Thirtj. three subjects from the 'Arizona State Uni\.ersity community \lolunteered to 

participate in this stud\- and recei\,ed S3.00 (for gas nione\-) for their participation. Each 

subject drove hisher o\\-r! vehicle in this study. 

B. Sltbjecr Preprrrcrrioll. 

As each subject arti\,ed a! the laboraton. at their scheduled time. they \\-ere briefed in 

t e n s  a f  the nature of the esperiment. Each subject \vas then prepared for cardio\-ascular 

monitoring. Subsequent to suri'acc shin preparation. 7 sil\'er. sil\.er-chloridc disposable 

electrodes \verc attachcd to the skin using a standard chest configuration to collect three 

channels of electrocardiogra~~i ([:KC;) acti\.it>.. The electrodes \{.ere fastened to leads \i.hicli 

carried their input to a hlortai-a Instru~?;ents PR4 lioltcr recorder. I-he PR4 is a small de\.ice 

\vhich is strapped around the \mist ar?d records the electrical potentials of'tlie heart on a 

casscttc tapc for latcr laboraton anal!.sis. 

.. P~-o~.c~rhrr.s. 

I;ollo\\irig calihratinn nfthc instrumc~it. cacli sui7jcct \vas takcn from tlrc laboraton. to 



their o\ in \.chicle and accompanied b\ an experimenter \iho rode in the passenger scat. ?'he 

cvperimenter directed each subject on !he appropria~r route to follo\j. and coded all pertinent 

experimental data. The total dri\.e lasted approximatel!. nne hour. Subjects clro1.e 

approximately 60% of the time on a irre\\a\.. and 40% on surface roads. 

D. D ~ i c i  cod in^. 

Each subject drove on a prescribed route n.hich included surface dri\.ing. unrestricted 

freeivay driving (drivers \\-ere ailo\i.ed to proceed. changicg lanes at their o\$.n discretion). 

and restricted freeivay driving (dri\-ers \\-ere asked to enter and remain in a particular free\i.zi!. 

lane). h4ultiple loops \vex  made [hrough the restricted free\va\. zone nith a different lane 

reqaired for each loop (the order of lane desig~iations was counterbalanced across subjects). 

Finall)., each subject returned b!. surface roads to Arizona State Cni\.ersit!.. 

Throughout the entire test route pertinent information \\as coded b!- the experimenter 

on a MS-DOS based portable laptop computer. programmed to recei\.e one-!etter codes and 

record time of  ~ccurrence  to the nearest one hundreth of a second for the folio\\-ing 

i~formation:  1 )  location -- surface. free\va\. entrance. freeway esit. lane in unrestricted 

freavay zone. lane in restricted free\$-a? zone: 2) le\-el of sen.ice (LAOS) --experimenters \vere 

trained from Department of Transportation protot>.pe photographs to estimate LOS during 

the freeway portion of the dri\.e \\-ith an LOS of 1 being lo\\- congestion and an LOS of  6 

being high congestion: estimates \%ere made \\.hene\.er the experimenter detected a chailge in 

1.0s or e\.en. 30 seconds as pronipted b ~ .  a tone from the computer: 31 e\,ents -- lane 

changcs. a \.chicle n~o\.ing in or out of the lane direct11 in front of tile dri\-er. and the drii-cr 

a p p l ~ i n g  the brake \\-ere coded on the frcr\\a\ portions of the route. At the beginning of each 

subject's dri1.e. the experimenter siniultaneously depressed a kc! on the computer and an 

e \ m t  marlier button on the PR4 recorder to alln\\ for subsequent synchronization of the 

cardio\-asculnr data \ \ i t : i  tllc dri\ ing en\.ironnicnt data. 

1-ollo\ving coniplction of'the tcst mute. suh.iccts returncd to tlic latrc7raton.. their 

clcclrodes \\-ere rcmn\-cd. and the! \\.ere dcbriefcd and axkcd to cornplcte a post-experimental 

qucstionnairc. 



1:. Dcrru Rcduclion. 

Each subject's physiological data tape was analyzed on 3 ~Mortara Instruments MK5 

cardio-holter analysis system. The MK5 digitizes the EKG electrical signal and detects each 

F- wave. The R-wave is indicative of the hearts ventricular contraction !\hen blood is thrust 

into the arterial system f ~ r  circulation. Hy detec!ing each R-\vave and computing the elapsed 

time bet~veen consecutive R-waves, a beat to beat calculation equi\ralent to instantaneous 

heart rate is achieved. This measurement is referred to as the interbeat inten.al (IBl) and is 

the reciprocal of heart rate (longer IBI's indicate slower heart rate and shorter IBI's indicate 

faster heart rate). 

Depression of the event marker button on the PR4 recorder results in a high frequent! 

pulse being placed on the physiological data tape. The MK5 identified this pulse. enabling 

the cardiovascular data to be synchronized to the nearest one hundreth of a second nith the 

times stored in the data file coded on the notebook computer during each subject's drive. As 

a result data files were constructed Ivhich contained the follo~ving: 1)onset times and offset 

times for each of the location codes, corresponding mean 1Bl's for each respective time 

epcch. and a calculation of heart rate (HR) variability for that epoch (calculated as the 

standard deviation of the IBl's for that time epoch); 2) onset and offset times for LOS 

estimation. corresponding mean IBI's for each respective time epoch. and a calculation of 

heart rate (HR) variability for that epoch and 3) the time of occurrence of each lane change 

and driving event and corresponding instantaneous mean 1B1 for that ei.ent calculated by 

taking the IBI in Lvhich the e\ent occurred as \veil as the prior and subsequent IBI and 

a\.eraging those three beats. These master data files \\-ere then sorted in a I~ariety of \i-a~rs in 

order to provide the data required for the statistical anal).ses repofled in the folio\\ ing 

section. 

I l l .  RESUL I'S AN11 INTERPKE 1-ATIONS 

,4 Stuc!)' I Rocrtl L I ~ \ . I I . O I ~ ~ I C ~ ~ ~ . \  

Study one consisted of an anal) sis of the ph) siological consequcnccs of drii ing 





















. S~udy 3: IIril-ing Even1.v 

This investigation consisted of'an anal!,sis of the impact of'sc!ected e\.cnts that occur 

in fi-ee\bay traffic en\-ironrnents. I'he s t u d  had three goals. 'l'hc first goal \$as to determine 

whe?her events. \vhen they occur in restricted and unrestricted frceiia>. dri\ ing cn\-ironments. 

\.arq' in cardio\,ascular workload demands when compared 1i.it.h dri\.ing in the same 

en\.ironments ~irhen no events arc occurring. The second goal was to determine whether the 

selected events differed from one another in terms of their impact on cardio\ ascular 

ivorkload. The third goal was io determine \\ hethei there \vas ph\-siologicai e\ idence of an 

L\  ent occurrence. orienting response from dri\;ers at their time of - 
The selected events included \.chicles that mo\.e in or out of the lane directl!. in front 

of the driver, the driver stepping on the brake pedal. and lane changes made b ~ .  the dri\-er. In 

order to determine cardiovascular ~vorkload demands for the \.arious e\.ents. the indi\-idual 

heart beats during \vhich events occurred. as \+.ell as the beats immediately prior and 

subsequent to that beat were a\,eraged together. In order to determine cardio\,ascular 

ivorkload demands for times \\.hen e\.ents \\ere not occurring. a random sample of three 

beats, from the same driving condition in 1%-hich the c\,cnt occurred. \\as selected \\her! no 

e\.cnts were occurring. For example, if a vehicle mo\.ed in front of the driver ivhile dri\,ing 

in the right most lane of the restricted dri\-ing zone. a random sample of three Ilearibeats 

xvould be selected from a time \vhile the dri-i-er remained in that lane uith no e\.en:s 

occurring. If a lane change occurred. a sample of three rand0111 beats \\-as selected during the 

time thc dri\.cr spent in the lane prior to tlie lane change. 

In order to compute means based on adequate frequencies of occurrences. \.chicles 

mo\ring in or out of the lane directly in tiont of the dri\-cr and clccurrcnccs of the dri\.er 

stepping on the brake \\-#:re combined for analyses and \ \ i l l  Dc refcrrcd to as "dri\.ing c\-ents" 

i,ane changes \\ere ircaicd ah a scpai-aic catcgiiry. In ordci rc; test t'or indicritic?ns 2f zn 

orienting response to dri\.ing e\,ents and lane changes. groups of' heart tlears surmunding 

tlicsc occurrences \\ere nrial?/.ed. .l'hc orienting resporisc has been dcn~onstratcd to elicit a 

phasic heart rate dccclcration in rcsponsc tn sti~nuli \\hich demand increased attention to thc 



outside (sensory) environment. In order to test for the occurrence of the orienting response 

to driving events, the average of the three beats prior to the occurrence of the e \  ent (Pre), the 

a\erage of the three beats during which the eitent occurred (Main), and the a\ erage of the 

three beats subsequent to the event (Post) were computed and compared. 2\11 findings are 

the result of repeated measures ANOVAS. 

I .  Event Analysis 

No significant differences in cardio~ascular ijorkload hare yet been fbund in 

comparisons of driving events to the overall driving conditions in which the! occurred. The 

data does not support the hypothesis that events such as vehicles moving in or out of  ihe lane 

directly in front of drivers or applying the brake place either higher or lower demands on 

cardiovascular workload than does freeway driving in ge~e ra l .  These conclusions are 

tentative and are based only on a preliminary analysis of our data set. 

2. L m e  Chunges. 

i .  During restricted freeway driving, no significant difference was found in mean interbeat 

interval for lane changes versus overall driving. 

3. Durins unrestricted freeway dr i~ ing .  the mean interbeat interval mas significantly longer 

during lane changes versus overall driving (cf. Figure 1 1 ) .  

These findings suggest that the impact of changing lanes on cardiol ascular \\orkload 

may \ a q  depending upon on the style of freeuay driving In which the dri\.er is involved. 









s>.stems in ternls ot'variables such as vehicle densit) and point-to-point transit times. l h i s  

human factors analysis assumes that !VI IS inter\.entions which reduce dri\.ing stress for the 

individual will result in a safer and more cfficicnt s!.stem. When combined ith rcscarch 

liom the complementary strategy of measuring road~va! s!.sten; characteristics. IVI IS 

implementation can be optimized to both distribute demands on roadjiay s!,stenls and 

decrease driving strzss for individuals. 

The overall goal of this investigation \\.as to e\,aluate ihe utilit!. of using 

cardiovascular measures of driver workload to distinguish bet\\l.cn the impact of different 

driving environments and driving events. We found that both mean interbeat inter\-al and 

heart rate variability proved to be sensitive to \xiat ions in dri\.ing en\.ironments in a \ ariet!. 

of circumstances. These results supports the further use of cardio\,ascular measures in 

research designs seeking to study human factors dimensior~s of transportation issues. 

The bulk of our initial hypotheses regarding the cardio\.ascular impact of dsi\.ing 

environments, congestion, and driving events were supported. In the contest o f  road 

environments. driver workload demands appear to be highest on Sree\vay entrance ramps. 

Mean !BI was significantly shorter here than ivhile dri\.ing on surface roads or during both 

restricted and unrestricted freeway dri\.ing. While dri\.er \\.orkload demands may be highest 

on freeway entrance ranlps o\.crall. these deniands do not appear to be constant as  widenced 

by greater H R  ~~ariability on freewa!! ramps compared to unrestricted free\\a!- dri\.ing. This 

is probably the result of relati\.cl\. lo\v demands upon entering the ramp contrasted \vith 

rclati\.ely high deniands \\hen merging \\-ith free\\+ rraflic. 

DifTere~lces in mean IRI indicate that dril-cr workioad is grcatcr on surface roads than 

during restricted ticc\\a!. dri\.ing. Taken with the Sact illat dii'ferei1cc.s in mean IBI were not 

Sound betxveen surface roads and unrestricted liec\va!. dri\.ing. the e\.idence suggests that 

lo\ver workload demands are associated \vith morc stahlc free\\-a! positioning and that I\.'] iS 

intcrvcntions that cncouragc this ma!, rcducc \vnrkload demands on driwrs. 

FJ-l~c faci that 1 iK \-ariahilit! \\as highcr on si~rface roads t!?an during unrestricted 

li-ec\\-a>, driving is probnbl5- i~ldicati\c of the fact that surfilce d r i ~  ing in\ol \es  periods of 



rclati\,ely low demand, such as stopping at traffic signals, as ~vell as relatively high demands. 

such as  navigating busy intersections. while unrestricted freeway driving exerts more 

consistent workload demands on the driver. 

This inirestigation found some evidence to support the notion that increases in traffic 

congestion on the freeway is associated with increases in driver workload. Mean IB1 ivas 

greater for an LOS of 3 than an LOS of 2. This relationship may not be linear, hobvever. 

Mean IBI was not greater for an LOS of 4 compared to an LOS of 3. Further investigation in 

this area is certainly warranted and in traffic environments which better provide f i ~ l l  range 

of 1,OS levels for statistical analysis. 

In the context of events that occur during freeway driving, our data supported the 

notion that lane changes should be regarded as especially important. Lane changes placed 

greater workload demands on drivers than other driving events during restricted free\vay 

driving (mean IBI was shorter for lane changes versus all other driving events). Further, the 

phasic decrease in mean IBI for lane changes (relative to the three beats prior and 

subsequent), provides physiological evidence for an orienting response. These findings 

imply that IVHS interventions which instruct drivers to change lanes may be either helpful or 

stressful to drivers, depending upon how the technology is implemented. 
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